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THE LIFE HISTORY OF ULULA HYALINA 
LATREILLE.! 


J. F. McCLENDON. 


WHILE collecting insects in Galveston, Texas, during June, 
1900, I found specimens of U/ula hyalina Latreille, and at the 
suggestion of Dr. Wheeler kept them alive for the purpose of 
obtaining their eggs and following their larval and pupal devel- 
opment. The insects would fly against the sides of the large 
glass jar in which they were kept, and finally killed themselves ; 
but two females deposited their eggs before they died. After 
many of the eggs and young larve were destroyed by various 
accidents, I finally succeeded in raising two larvae. One of these 
I preserved when full-grown, the other after it had pupated. 
Later I obtained several imagoes from different localities and 
one full-grown larva from Austin, Texas. After reading the 
few notes that have been published on the life history of this 
interesting insect, I concluded that a more thorough treatment 
of the subject would not be out of place. 

The first notes on the life history of the Ascalaphidez, the 
family to which our insect belongs, were published in 1826 

1 Contributions from the Zovlogical Laboratory of the University of Texas, No. 27. 
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by Guilding, who is perhaps best known to zodlogists as the 
discoverer of Peripatus. These notes were on the life history 
of Ulula macleayanus Guilding,! which is synonymous with 
Ulula hyalina, or a variety of it, occurring in the island of 
St. Vincent, West Indies, where Guilding obtained his specimens. 
His description is meager and, to some extent, erroneous ; but 
the arrangement of the repagula has not been observed subse- 
quently, to my knowledge. Hagen published a paper? in 1873, 


Fic. 1.— Ulula hyalina Latr. Male. 


which contained short descriptions of sixteen species of Asca- 
laphidz. He repeated Guilding’s descriptions and also described 
the larva of U/ula senex Burm., ignoring the fact that it was 
synonymous with U/ula hyalina and, consequently, also with 
U. macleayanus. Westwood wrote a review in 1888 of the 
previous papers on the life history of the Ascalaphidze? and 
added a short life history of a Ceylonese species, perhaps 
Ascalaphus insimulans Walk., accompanied by figures, but 
1 The Genus Ascalaphus, 7ransactions Linnean Society, vol. xv, p. 509. 


2 Die Larven von Ascalaphus, Stettiner entomologische Zeitung, Jahrg. xxxiv 


(1873), p. 33- 
3 Notes on the Life History of Various Species of the Neuropterous Genus 
Ascalaphus, 7ransactions Entomological Society, London, 1888, pp. 1-12, Pls. I, II. 
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failed, as did Guilding and Hagen, to work out the mouth parts 
thoroughly. A good description of the ant-lion’s mouth parts, 
which are very similar to those of the ascalaphid larva, may be 
found in a paper by Redtenbacher! as early as 1884. Hagen 
and Westwood do not appear to have been familiar with this 
paper. 

Ulula hyalina is distributed over the southern half of the 
United States, Mexico, and the West Indies, but is compara- 
tively rare in many of the places where it is found. The insect 
(Fig. 1) when at rest remains motionless 
on some small branch or stalk, head down, 
with wings and antennz closely applied 
to the branch, and abdomen erected and 
often bent so as to resemble a short 
brown twig or dried branch. On being 
approached, the insect moves to the oppo- 
site side of the branch, and, on being 
further disturbed, flies to another branch 
and alights with head up, then quickly 
turns and assumes its characteristic atti- 
tude. I found specimens on stalks of 
green sedge near the beach at Galveston, 

Texas. The insect contrasted strongly 

with the green stalk, but there were, 

near the tops of the stalks, brown 

seeds which resembled the insect and Be Rar 
made it hard to find. sree ante 

Guilding says the eggs (Fig. 3) are placed in double series 
of 64 to 75, near the end of a branch, and are fenced off by 
little rods, which he called “repagula”’ (Fig. 3), placed on end 
and arranged in circles around the branch below the eggs, 
thus preventing the approach of insects and the wandering 
abroad of young larvee until they can climb over the repagula 
and have likewise acquired strength enough to resist ants and 
other insect enemies. I observed one of my specimens from 
Galveston deposit its eggs and repagula; but it was too weak 


1 Uebersicht der Myrmeleoniden-Larven, Denkschriften der Kaiserlichen Aka- 
aemie der Wissenschaften, Bd. xlviii, Taf. VII. Wien, 1884. 
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from confinement to remain on the stalk on which it rested 
and fell to the ground, so that I could not tell how it would 
have arranged the eggs under normal circumstances. These 
repagula I find to be in all probability abortive eggs, since 
dissection shows that some of the tubules of the ovary pro- 
duce eggs, and others repagula. 
The eggs hatch after nine to ten days. The young larva 
remains quiet a day or two, after which it seeks the ground. 
The larva, while growing in size, always 
retains the form shown in Fig. 4, except that 
after hatching and after each moult the head 
is proportionally larger. It hides in some 
slight depression or under the edge of a 
stone, with its body covered with sand and 
its mandibles widely extended so as to touch 
the fringe of hairs on each side of the head. 
Its brown color simulates the surroundings. 
Its body is hidden by the covering of sand, 
and the head is somewhat concealed by its 
peculiar covering of hairs (Figs. 4, 5, 12), so 
that small insects may crawl, unawares, too 
near the extended mandibles. In this case 
the larva thrusts out its head and snaps the 
Fic. 3.—Utula hyalina, MAndibles together, pinioning the victim on 
Egg and repagulum; the curved points. It then proceeds to suck 
and a figure showing a ome - ° _ 
the arrangement of the OUt the juices of its prey like an ant-lion. In 
in the latter this is accomplished, according 
Guilding’s description: to Redtenbacher, by the expansion of the 
iliniiaiaaiiti pharynx, the juices passing through the 
duct formed by the mandible and maxilla fitting together 
(Fig. 6). The wound is kept open by the maxilla working like 
a piston in the groove of the mandible. The palpi at the same 
time move back and forth slightly. The labium and ligula 
are folded back into the mouth and adhere together so as to 
close the orifice in front. I have observed that the Ulula 
larva soon kills its victim, and at intervals opens its mandibles 
slightly, until one of them comes out, and then sticks it into a 
new place. This is continued until the skin is sucked dry, 
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when the larva throws it aside and assumes its characteristic 
attitude and awaits another victim. On being disturbed the 
larva crawls away and seeks some other retreat. It often 
changes its hiding place at night, probably on account of 
scarcity of food. It always walks forward, contrary to the 
habit of ant-lions. The larval life lasts about sixty-two days, 
during which time the larva moults twice. It moults a third 
time inside of the cocoon, when it changes to the pupa. 

As the habits of the Ulula larva are somewhat peculiar, it 
becomes of interest to compare them with the habits of the not 
very remotely related ant-lions (Myrme- 
leonidz). According to Redtenbacher, 
the Myrmeleonidz (Formicaleo, Acan- 
thaclisis, and perhaps Palpares) lie 
quietly during the day like Ulula 
hyalina, except that the body, instead 
of being simply covered with sand, is 
buried slightly beneath the surface. 

They can walk backward as well as 

forward. At night they wander about 

in search of prey. Myrmeczlurus can 

walk forward as well as backward, but 

digs a pit like the ordinary ant-lion. 

These latter, however, never walk for- 

ward. The digging of a pit by the 

ant-lion may be but a step removed 

from the habit of Palpares in burying ‘J 

its body. The ant-lion also has the ric. 4.— vue Ayatina. Full- 
instinct of wandering at night in  eieiati 
search of a more favorable situation when food is scarce. 

When the Ulula larva is full-grown it seeks some hidden place 
at night in which to pupate. Having found such a place, it spins 
a web, covering it with sand and such other small objects as 
may be at hand. It then gets inside the web and begins spin- 
ning a cocoon. The next day it remains quiet, and at night 
continues the work. I had an opportunity of observing several 
stages of the process, as my specimen spun its cocoon against 
the side of a glass jar partly filled with sand. The side next 
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to the glass could be seen through until after the third night, 
so that it must have required more than three days to con- 
struct the cocoon. 

The mandibles (Fig. 15, 7) of the pupa are toothed on their 
inner edges for the purpose of enabling it to bite a hole in the 
cocoon when the metamorphosis has been completed. I did 
not have an opportunity to observe the escape of the imago. 


9 


Fics. 5-11. — Ulula hyalina. Larva. Fig. 5, three small sete seen in optical section and a 
portion of a long one, surface view; Fig. 6, the head of a larval skin of the first moult, 
seen from below; Fig. 7, head with mandibles pulled out and sete scraped off, seen 
from the side; Fig. 8, the same, from the front; Fig. 9, clypeus seen from above; 
Fig. 10, distal portion of the clypeus, seen from below; Fig. 11, inner surface of the 
mentum and adjacent integument. c, clypeus; 7, labrum; 2, mandible; 2’, maxilla; 
s, submentum?; 7", mentum; 4, labial palpus; 4, point of contact of mentum and clypeus ; 
7’, ligula; x, lobe of the mentum; y, lobe of the gena; 9, ocular peduncle. 


Below I have added descriptions of the egg, repagulum, larva, 
pupa, and cocoon. 


Egg and Repagulum. 


Egg (Fig. 3,¢).— Length 13 mm. Ovoid, about twice as long as broad, 
cream-colored. An elevated ring, the micropyle, on upper pole. 

Repagulum (Fig. 3, ”).—Length 14% mm. Slender, spindle-shaped, 
knobbed at base. Basal knob red; shaft brown. 

The repagula are abortive eggs. Some tubules of the ovary bear eggs, 
others repagula. 

According to Guilding the eggs are placed in a double alternating series 
of 64 to 75, near the extremity of the branch, and the repagula (barriers) 
are placed in circles around the branch, below the eggs (Fig. 3). 
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Larva (Fig. 4). 


Length 13mm. Head cordate, broad behind, tapering anteriorly, swollen 
beneath, thicker behind than in front, fuscous varied with black, covered 
with hair except on mid-ventral line, deeply emarginated on posterior border 
above, leaving an angular projection in center of emargination.- Anterior 
border fringed with serrated 
hairs; lateral borders each with 
a very deep fringe. Ocular pe- 
duncles (Fig. 12, 0) prominent, 
cylindroid, slightly flattened 
dorso- ventrally, each bearing 
seven simple eyes and thickly 
beset at the end with serrated 
hairs, two of which are very 
large and inclined backward. 
Eyes black, six on upper sur- 
face of ocular peduncle, five 
forming an incomplete circle 
around the sixth, one on under 


surface of ocular peduncle near 
the poster ior outer ma rgi n, Fic. 12.—Ulula hyalina. Ocular peduncle of larva: 0, oc- 
ular peduncle ; a, antenna; ~%, lobe over antenna. 





Antenna (Fig. 12, @) 1% times 
as long as ocular peduncle, basal segment very large and broad at base, 
second segment much smaller, third still smaller and proportionately much 
shorter, and followed by a piece not definitely segmented and still more 
slender; the succeeding nine segments are of nearly equal size, the terminal 
segment is as long as the three preceding and ends in a tuft of small hairs ; 
there is a lobe above the base of the antenna 
ending in a fringe of five hairs,—three stout 
serrated ones alternating with two slender smooth 
ones which terminate in stellate enlargements. 
Clypeus (Fig. 9) narrow behind, continued in front 
as a pair of semicircular lobes over bases of man- 
dibles, middle of anterior border continued down- 

t”  Ayalina. Meso- ward and reaching the mentum. Labrum (Fig. 

thoracic leg of 
larva: x, mesothorax; y, ar- 10, 7) small, infolded into the mouth. Mandible 
ticular membrane; ¢, coxa; ¢, long, swollen at base, straight for three-fourths its 
py ej llmaaia tibia; Jength, then curving inward; curved portion free 
» tarsus. = - 

from hairs, inner edge set with three teeth, middle 

one largest, posterior one smallest, space between anterior and middle one 
smaller than that between middle and posterior one, mandible grooved on 
ventral side. Maxilla swollen at base, lying in groove of mandible, with which 
it forms a duct leading to the mouth, serrated on inner edge near tip. Mentum 
(Fig. 6, #”) nearly square, anterior border produced in the middle so as to 





’ 
t Fic. 13.— Ulula 
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reach the clypeus, lateral margins produced into a pair of triangular lobes 
(Fig. 11, x) inclined forward and devoid of hairs, each divided by a suture 
into two triangles; ligula infolded into mouth, adhering to the labrum ; 
basal segment of labial palpus very large, flattened, fourth segment as long 
as second and third combined. On each side of the mentum arises a lobe 
of the gena (Fig. 11, y) which projects over the base of the mandible, 
deeply emarginated on anterior border. The hairs (Fig. 5) on the head, 
as well as on the body, are of peculiar structure: the base of a hair is con- 
stricted so as to close the cavity within, and the integument is raised around 
the constricted portion; the hairs are of two kinds, smooth and serrated ; 
some of the serrated hairs are enlarged at the tip. 
Thorax flat, much broader behind than in front, luteo-fuscous mottled 
with fuscous, thickly beset with hairs, all of which are fuscous or black ; 
prothorax freely articulated with meso- 
.thorax, much narrower than head, much 
broader than long; metathorax broader 
than head, bearing above three ellipsoid 
swellings, each of which has the margin 
depressed below the general level; one lies 
near the anterior border, the other two near 
the lateral borders and are connected by 
a deep groove; two pairs of lateral lobes, 
anterior pair short, conical, inclined for- 
ward, terminating in a few black setz which 
are packed together so as to appear like 
the end of the lobe, second pair very long, 
ae inclined forward at base, then bent slightly 
backward, fringed with large, serrated hairs ; there is a pair of spiracles below 
near the bases of posterior pair of lobes; metathorax broader than mesothorax, 
a pair of ellipsoid swellings above, similar to those on mesothorax, a pair of 
lateral lobes, shorter than pair on mesothorax, inclined forward, fringed 
with large hairs ; a pair of spiracles below, near bases of lateral lobes ; legs 
luteo-fuscous with fuscous hair, anterior pair small, each succeeding pair 
larger, coxa very long (see Fig. 13),! trochanter small and almost rigidly 
attached to the femur, tibia slender, tarsus of a single small joint, ungues 
black, much curved. 
Abdomen broad and thin, dorso-ventrally compressed, pointed behind, 
lateral margins very convex, luteo-fuscous mottled with fuscous, covered 
with hairs which vary from fuscous to black, flattened and wrinkled below, 


1 Redtenbacher (/oc. c7t., Fig. 116) gives a different interpretation to the joints 
of the leg of the ant-lion. He calls coxa what I believe to be a much-developed 
articular membrane (Fig. 13, v), and what I have called the trochanter he regards 
as part of the femur. The articulation between the trochanter and femur is not 
well developed and allows very little movement, but it cannot be overlooked. I 
may add that my interpretation is based on comparison with the imago. 
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somewhat convex above, divided into nine segments; tergites, except last 
two, separated along middle, so as to disclose the articular membranes, — 
each tergite, except the last two, with a cross groove nearly reaching the 
lateral borders; each segment bears a pair of lateral lobes fringed with 
fuscous hairs; each segment also bears a pair of spiracles below, near the 
bases of the lateral lobes; last segment conical, truncated. -There is a 
circle of black curved spines around anus. 


Pupa (Fig. 14). 


Length 12 mm., diameter in cocoon 6 mm., breadth of abdomen 4 mm. 
- The pupa resembles the imago in general, but is much smaller and com- 
paratively shorter. 

Head short, and compressed against thorax; eyes fuscous, with a deep 
vertical fold at right angles to the sulcus; antenne comparatively short, 


Fic. 15.— Ulula hyalina. Mouth of pupa from below: 2, labrum; #2, mandible ; 
Pp, maxilla; ', maxillary palpus; 7’, labium; 7’, labial palpus. 


curved backward over the head, not knobbed, white; face light yellow, 
clypeus not distinct from labrum; mandibles (Fig. 15) stout, armed each 
with nine to ten teeth; inner edge of mandible rufo-fuscous, teeth black ; 
gular region white; maxilla bilobate, maxillary palpus of three segments ; 
labium slightly bilobate; labial palpus slender, smaller at base than at 
tip; mouth parts and vertex clothed with fine white hair. 

Thorax short, cream-colored varied with ferruginous ; prothorax com- 
pressed against back of head; wing sacs small, white; legs slender, white. 

Abdomen short, curved under so that the anus reaches the mouth, cream- 
colored, varied with ferruginous, covered with fine white hair, a narrow 
mid-dorsal groove ; each segment except the last two with a pair of spiracles. 

Cocoon spherical, diameter 7 mm., made of silk. 


UNIVERSITY OF TEXAS, AUSTIN, 
November 20, 1901. 
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THE NEMERTEAN PARASITES OF CRABS. 


WESLEY R. COE. 
YALE UNIVERSITY. 


In 1844 Kolliker found a small species of nemertean among 
the egg masses carried about on the abdominal hairs of a “‘ small 
crab” at Messina. This worm he named Nemertes carcino- 
philos+ and gave a fairly good description of its anatomy ('45). 
Fifteen years later van Beneden found a similar species among 
the eggs of the green crab (Carctnus manas) on the coast of 
Belgium and, having overlooked Kélliker’s descriptions, rede- 
scribed and figured it as Pola tnvoluta (61). The worms were 
said to be small, slender, yellowish or rosy in color, with two 
ocelli and a very short proboscis, armed with central stylet only. 
They lived in delicate mucous sheaths among the crab’s ova, 
and often two individuals —a male and a female — lay side by 
side, or with their bodies somewhat folded, in the same tube. 
Van Beneden decided that the worm was not a true parasite, 
but rather that it merely occupied the egg masses of the crab 
as convenient places for building its tube and depositing its 
ova, as well as a place well protected and furnished with food. 
The females were 2—3 cm. in length, although the males meas- 
ured scarcely 1 cm. Some of the younger individuals were 
only 2 mm. long. There are figures showing the form and 
color of the living worms, several of anatomical details, of 
the eggs in various stages of development, and of the early 
embryos before and after the molting of the larval skin. 
These figures are generally accurate, as is also the interesting 
account of the development. The large nerves passing forward 
from the dorsal ganglia are described as excretory canals open- 
ing on the lateral margins of the head, although the author 
states that they seem to be a continuation of the ganglia. The 


1 Spelled cartinophilos. 
431 
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ciliated canals leading from the cerebral sense organs were in 
other species of nemerteans looked upon as excretory canals. 
The figures of the proboscis with its single central stylet and 
large glandular masses on each side are quite characteristic. 

McIntosh ('73) gives a good description of the general anat- 
omy of this species and an interesting account of its behavior 
in confinement, as well as the method of deposition of its ova. 
He also briefly describes the segmentation of the egg and 
gives several figures of the developing embryos. There is a 
good colored drawing of the living worm and figures illustrat- 
ing the anatomy of the anterior portion of the body and of 
the proboscis, all of which are described in detail. 

In 1874 Dieck (’74) found at Messina (where Kolliker’s speci- 
mens of JV. carcinophilos were obtained) a number of nemer- 
teans among the egg masses of Galathea strigosa. But Dieck’s 
description does not apply to any of the metanemerteans, and 
the species was named Cephalothrix galathee. The species 
agrees fully with Kolliker’s .V. carcinophilos in size, form, and 
color of body, in not having the head demarcated from body, 
in having two comma-shaped eyes in front of the ganglia, and 
in the absence of cerebral sense organs and cephalic furrows. 
In all these respects the description exactly corresponds with 
that of .V. carcinophilos, but Dieck describes certain other 
anatomical peculiarities which separate the two forms widely, 
and certain others which have been found in no other nemer- 
tean. The proboscis is described as being without stylets, 
and the mouth is said to lie behind the brain. Dieck fur- 
ther describes remarkable appendages on the head which are 
believed to aid the worm in retaining its position on the crab. 
These “ fingerformige Greif oder Haftorgane . .. sind so con- 
tractil, dass sie nur bei starker Ausdehnung deutlich ins 
Auge fallen” ('74, p. 502) ; but he shows no indication of them 
in any of his figures. It seems possible that they may have 
been formed by a too severe pressure on the glass covering 
the worms, and thereby rupturing the integument. Dieck 
thinks he may have seen similar appendages on the posterior 
end of the single male which he found, but he could not be 
certain whether he saw them or not. 
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He also describes the ovarian pouches as opening ventrally, 
and states that their external openings are provided with con- 
tractile lids which serve to close the openings, except when 
the ova are being extruded. Both Dieck and van Beneden 
speak of the minute white specks seen on the bodies of the 
females with ripe ova, while Dieck’s observations on the 
appearance of the egg strings, the eggs themselves and their 
early development, as well as the appearance and peculiarities 
of the embryos, answer equally well for Kolliker’s species ; and, 
finally, his statement that the worms, after having devoured 
the eggs of the crab, find their way to the gills, where they 
live as ectoparasites, is in perfect accord with the observations 
on carcinophila described below, although his interpretation of 
the life history of the worms seems to be in error. 

While it would be unwarranted to say that Dieck’s descrip- 
tions of the anatomy of his Cephalothrix galathe@ are incorrect 
in so far as they do not agree with the structures found in 
Kolliker’s species, yet it would seem most remarkable if 
there were to be found in the same locality two species of 
nemerteans belonging to entirely different orders which agree 
so perfectly in color, size, external appearance ; in possessing 
the same peculiarities in regard to the ocelli, structure of 
body walls, mucous glands, and other features; in having the 
same peculiar habits due to a parasitic life; in laying eggs 
which have the same appearance and mode of cleavage, and 
which in their development give rise to perfectly similar 
embryos. Likewise remarkable among the nemerteans, 
although it is known in a few forms, is Dieck’s observation 
that while most of the eggs are laid before cleavage, yet ferti- 
lization and early cleavage sometimes take place within the 
body of the parent. McIntosh states that this is also true in 
NV. carcinophila. It should be noted in this connection that 
Dieck found but a single male, which was 2 cm. in length, 
although the females were abundant and of much larger size, 
some of them being as much as 7 cm. in length. He con- 
sidered it probable that the sperm from a single male entered 
the ovaries of all of the five or six females which might live on 
the same crab. 
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Whether the species described by Kolliker, van Beneden, 
and McIntosh will prove to be widely different, closely related, 
or identical with that studied by Dieck, future investigations 
must decide. Suffice it to add that Dieck was quite unac- 
quainted with the descriptions of any of the other authors 
mentioned, and believed that he was describing a crab para- 
site for the first time. He shows by his descriptions that he 
knew very little of nemertean anatomy, and this fact might 
easily account for the strange anatomical peculiarities which 
he found the worms to possess. Careful comparison of his 
figures with those of van Beneden (61) and McIntosh ('73) 
reveals such slight differences that we may well consider 
them as belonging to the same species; that they anne 
worms of different orders seems incredible. 

Joubin ('93) has found Kdlliker’s species abundant on Car- 
cinus manas at Roscoff, on the northern coast of France, and 
Giard (88), on the coast bordering the Bay of Biscay, on the 
same species of crab. Giard (p. 496) found these worms on 
almost every crab examined which carried eggs, and has 
observed the same or a very similar species on Xantho 
floridus. This he calls Pola xanthophila, but gives no dis- 
tinguishing peculiarities except that it is smaller in size. 

On the Challenger Expedition Willemoes-Suhm (74) found 
a small species of nemertean on the body of a species of crab 
(Nautilograpsus minutus) which lives on the gulf weed in the 
«Sargasso Sea,” between Bermuda and the Azores. These 
little worms were only about 1-2 mm. long, but none of them 
were sexually mature. The suggestion was made that the 
nemertean inhabits the crab only when young, and that it lives 
freely on the gulf weed when mature. This form agrees with 
the other species of Carcinonemertes in possessing two large 
ocelli, although there is said to be a pair of accessory ocelli of 
extremely minute size near the proboscis. These are repre- 
sented in the figure (74). It is intimated also that the mouth 
lies behind the brain. The color of the worms was brownish. 
The stylet lies just back of the brain, and the proboscis is 
very short. The figure shows indications of two pouches of 
accessory stylets, although these are not mentioned in the 
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descriptions. Some of the worms are said to be found on 
various parts of the crab’s body, being most abundant on the 
abdomen, but the gills are not mentioned. An account of 
this species is given also in the Narrative of the Cruise of the 
Challenger” (Vol. I, p. 169) and is reproduced in Hubrecht’s 
report on the nemerteans (’87). 

A further instance of a nemertean parasitic on Crustacea is 
mentioned by Quoy and Gaimard (’33), who describe from 
Amboina a small species, apparently belonging to the genus 
Tetrastemma, under the name of Borlasia quadripunctata. 
They state that although it usually lives in the sea, yet it 
is also found at times living in the barnacle (Anatifa). 

So far as I know, the first observations of a nemertean para- 
site of the crab in this country are those by Prof. J. P. McMur- 
rich, who writes me that he found the worms quite numerous 
among the egg masses attached to the abdominal hairs of a 
“lady crab” (Platyonichus ocellatus), July 6, 1889. These 
worms laid several strings of eggs in the manner characteristic 
of the species. The eggs developed normally, as described by 
van Beneden ('61), McIntosh ('73), and Dieck ('74). 

I first found this nemertean on the gills of the lady crab at 
North Dennis, Mass., situated on Massachusetts Bay, Aug. 6, 
1898, and have since found it abundantly -in other regions 
south of Cape Cod. 

The gills of a single crab often harbor as many as forty to 
sixty of these worms, which are of small size and sexually imma- 
ture when found in this position, becoming full-grown and sexu- 
ally mature only when living among the crab’s ova. As found 
on the gills the worms vary in color from pale ocher to salmon, 
depending largely on the coloration of the intestinal canal. 
They are of all sizes up to about 15 mm. in length when 
extended and very slender —almost threadlike. The body is 
of about the same diameter throughout and is often folded once 
or twice on itself as it lies between the gill plates of the crab, 
imbedded in considerable mucus. The crab’s gills are some- 
times undoubtedly injured by the abundance of the worms, so 
that I am almost sure that the latter feed upon the blood in the 
gills. This was also Dieck’s conclusion in regard to his 
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Cephalothrix galathee, where he believed that he found the crab’s 
blood corpuscles within the intestinal canal of the worms. 

In many of the crabs on which I found only a small number 
of the parasites no injury to the gills was apparent, the ability 
on the part of the crab to repair its injured tissues being 
sufficient to prevent the gills being destroyed. When the 
worms were abundant, however, some of the gill plates were 
blackened, torn, and degenerated. 

A large number of lady crabs obtained from Woods Hole 
and Martha’s Vineyard, Mass., in July and August, 1900, were 
examined, and the parasitic nemerteans found in the gills in 
about one-tenth of the number. When present on one side of 
the body they were almost always found on the other side also. 
I found them only on female crabs, and did not find them in 
the gills when the crabs were carrying eggs. The worms 
cling tenaciously to the gills when these are removed from the 
crab. A gill cut from a crab and placed in a dish of sea water 
is not deserted by its parasites for several days, — or not until 
it decomposes. When forcibly removed from the gills the 
worms live several weeks in sea water, crawling sluggishly 
about, and often collecting in masses with their bodies placed 
lengthwise or folded sharply so that the anterior portion of the 
body lies parallel and in contact with the posterior portion, 
exactly as when living in the gills. Masses of them often col- 
lect on the surface of the water where it comes in contact with 
the sides of the vessel. ; 

They secrete a very sticky mucous covering and when touched 
with a needle or drawn into a pipette attach themselves to it 
with exasperating tenacity. After living several weeks without 
food the worms become much smaller than when first collected. 

Several dozen spider crabs (Lzbznza canaliculata), some of 
which carried eggs, a number of blue crabs (Callinectes hasta- 
tus) with eggs, and many rock crabs (Cancer amenus) and green 
crabs (Carcinus manas) without eggs were examined without 
finding any nemerteans. I quite expected to find them on the 
green crab because this is the same species as that on which 
they are so abundant in Europe. When a green crab is placed 
in a vessel containing the worms, these will crawl over the crab’s 
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body, and a portion of them will be found among the gill plates 
after twelve to thirty-six hours, but many more remain clinging 
to the crab’s legs. Their behavior to lady crabs, however, — 
males as well as females, — is quite different, and they quickly 
find their way to the gills. The few rock, spider, and blue crabs 
with which I experimented in this way did not prove attractive 
to the worms, although occasionally one of them would enter the 
gills. Far more of them remained 
attached to the basal joints of the 
legs for several days. 

Sexually mature worms may be 
found early in July (and probably 
also in June) on the lady crabs 
carrying eggs. But the crabs with 
eggs are shy or else frequent deeper 
water, so that I did not find them 
nearly so abundant in the localities 
noted as were the males and smaller 
females without eggs. 


All my observations on the Fic. 1.— Carcinonemertes epialti. Ante- 


rior portion of body of living worm seen 


species seem to indicate that the Gari alee 
worms spend their whole existence __ matic. +, rhynchodeum; o, ocellus; xz, 
on the crab, for Ihave found them Sretiand other ogans of heads » central 
in nearly all stages of development __ ‘tylets 4, brain; de, dorsal commissure 
of brain; e, cesophagus; /, posterior 
from the egg to the sexually mature chamber of proboscis; #, intestine; /, 
worm. I have not, however, fol- nerve *S° 
lowed their history during the winter months, but suspect 
that this time is occupied as a period of slower growth. 
The worms apparently occupy nearly a year in attaining 
sexual maturity, and their life history is briefly as follows: 
Eggs laid in mucous tubes among the egg masses of the crab 
in June and July; cleavage regular and nearly equal, with the 
formation of free-swimming ciliated blastula which develops 
into a ciliated embryo provided with ventrally placed mouth, a 
pair of ocelli, and an anterior and a posterior flagellum, or tuft 
of much longer, consolidated cilia. The embryo leaves the egg 
membrane in this condition and usually remains in the mucous 
tube or among the egg masses of the host, but may swim freely 
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in the water. The larval integument with its cilia and flagella 
is apparently shed, as described by van Beneden (61) and 
Dieck (’'74). At this time the embryos assume the form of the 
adult and crawl about instead of swimming. The integument 
of the young worms now becomes covered with cilia, as in the 


adult. After remaining for a time among the egg masses of 


— 


| 
hi 





Fic. 2.— Horizontal section through anterior portion of body of C. efzalt#i. Slightly diagram- 
matic, and the proboscis is represented a trifle too large. cg, outline of area occupied by 


cephalic gland; ac, mc, fc, anterior, middle, and posterior chambers of proboscis respec- 
tively; 47, brain; 2, intestine. x 150. 


the host, or perhaps until her eggs have hatched, they wander 
about on her body, eventually reaching the gills. They are 


found in this position in July or August, and later, and here 


they probably remain until the crab produces another batch of 


eggs the following season. At this time they migrate again to 


the egg masses, where they become sexually mature. Those 
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embryos which swim away and which do not chance to find 
The observations of 


another suitable crab probably perish. 
the European writers mentioned above 
are mainly in accord with the account 
as here given. 

The mature worms often become 
25 mm. or more in length, are generally 
bright reddish orange in color, but some 
are reddish ocher and others brick red. 

Their anatomical details agree closely 
with such descriptions of the European 
species as have been given, although 
these descriptions refer mainly to the 
external features. MclIntosh’s colored 
drawing (Pl. I, Fig. 5) of the worm, his 
figures of the anterior portion of the 
body and of the proboscis, as well as 
his detailed description of these parts, 
agree in most respects with the New 
England form, except that I find the 
posterior, glandular portion of the pro- 


boscis (Figs. 2-4, 6) much shorter than , | 


McIntosh represents. Yet it seems 
highly probable that such differences as 
appear to exist are largely accidental, 
and that the New England form is 
specifically identical with Kdlliker’s 
Nemertes carcinophilos. Joubin (93) 
also gives a colored figure of the worm 
as it lies folded in its mucous sheath 
among the egg masses of the crab. 
In internal organization the worms 
agree closely with a second species which 
I found abundantly on the gills of another 
species of crab (Epialtus productus) at 





Fic. 3.— Carcinonemertes epialti. 
Optical section of proboscis re- 
moved from the worm. ac, sc, 
fc, anterior, posterior, and middle 
chambers respectively; g, gland 
cells; c, canal connecting anterior 
and middle chambers; fs, rem- 
nants of proboscis sheath attached 
to posterior chamber; c?, connec- 
tive tissue in which posterior cham- 
ber is imbedded ; 4, basis of central 


stylet. x 300. 


Monterey, California, and which is described in detail below. 
Both the Atlantic and the Pacific forms show such wide 


deviations from all other species of the genus Eunemertes, in 
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which Kolliker’s form has been placed by Joubin, Biirger, and 
others, that the establishment of a new genus is imperative. 


Carcinonemertes gen. nov. 


Parasitic nemerteans living on various species of Crustacea. 
Body small, slender, often filiform, rounded, and of about the 
same diameter throughout; head without distinct lateral 
grooves, not demarcated from body. Body not usually coiled 
or much twisted, but often folded sharply so that the anterior 
portion of body lies parallel and in contact with the posterior 
portion. Mouth and proboscis open together; cesophagus 
extremely short, opening broadly into the intestine through 
a large muscular chamber situated immediately behind the 
brain (Fig. 6); intestine broad, with short lateral pouches 
which are but little developed in posterior portion of body. 

Proboscis sheath without muscular walls, consisting merely 
of a thin membrane closely applied to the small proboscis. 
Proboscis but little developed, very small in size, and extremely 
short, without lateral pouches of reserve stylets, but armed with 
central stylet and basis only. Central stylet minute, usually 
one-third to one-half as long as basis, which is small and slender. 
Stylet region of proboscis can be withdrawn but little behind 
brain; consequently anterior chamber is very short, without 
distinct muscular layers, without distinct nerves, and without 
a thickened glandular epithelium such as occurs in almost all 
other nemerteans. Stylet apparatus imbedded in a strong 
muscular enlargement provided with numerous large glands 
(Rigs. 2-4). Chamber immediately behind stylet, small but 
muscular, and with a lining of flattened epithelium, while 
the posterior proboscidial cavity is very short, often almost 
spherical, highly glandular, connected closely with the rudi- 
ments of the proboscis sheath and imbedded in the connective 
tissue which lies internal to the body musculature. 

Cerebral sense organs probably wanting. Ocelli 2 (occa- 
sionally fragmented into 4). 

Cephalic glands massively developed ; a remarkable develop- 
ment of submuscular glands extends throughout the whole 
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length of the body, usually forming a distinct layer internal to 
the muscular walls of the body, and often thicker than all the 
other layers of the body wall combined. 

Body musculature consists of a thin, oblique or circular mus- 
cular layer and a somewhat thicker, but yet weak, longitudinal 
layer internal to the former. 

Brain and lateral nerves as in other metanemerteans. 

Usually oviparous, though fertilization often takes place 
internally, and sometimes a portion of the ova of an individual 


Fic. 4.-- Carcinonemertes epialti. WHorizontal section of proboscis in its natural position, 
showing the posterior chamber lying at right angles to the general axis of the proboscis. 
Reference letters as in Fig. 3. x 300. 


may be retained in the body until the development of free- 
swimming embryos. Development without complicated meta- 
morphosis, although the layer of ciliated cells originally covering 
the embryo is shed as development proceeds. 


Carcinonemertes carcinophila (Kolliker). 


Body slender, commonly 6-15 mm. long when found on gills, 
20-70 mm. long when sexually mature; color yellowish orange, 
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pale reddish, rose pink (McIntosh), or bright brick red ; posterior 
proboscis chamber very small, rounded; in ordinary states 
of contraction central stylet lies immediately behind brain. 
Basis of central stylet slender, about .o25-.03 mm. in length 
by .006-.008 in average diameter. Central stylet about .co8— 
O12 mm. long, or between one-third and one-half as long as 
basis. In general anatomical features the ~ 
species closely resembles C. efza/ti, which 
is described in detail below. 

Parasitic on the gills of various species 
of crabs when young, migrating to the egg 
——— regres io masses of the crab at the approach of 
showing variations inform Sexual maturity, the young returning to the 

eee: ee gills after a short period of development. 
Distribution: Mediterranean Sea, Bay of Biscay, English 
Channel, on Carcinus menas; both north and south of Cape 
Cod, Mass., on Platyonichus ocellatus ; France, Bay of Biscay 
(the same or a closely related species), on Xantho floridus ; 
Mediterranean Sea (possibly the same species), on Galathca 


strigosa. 
Carcinonemertes epialti sp. nov. 


This is a much smaller and less slender species than the above 
when sexually mature, and differs from it in regard to the size 
of the posterior chamber of proboscis, in the stylet apparatus, 
and in many other anatomical details, although the differences, 
as will be described below, are not very considerable. 

In general appearance, in color, arrangement of ocelli, cesoph- 
agus, intestine, and brain the two species are very similar. 
C. epialti also lives when sexually mature among the egg masses 
of a crab —in this case Epzaltus productus, the common kelp 
crab of the California coast. 

Upwards of one hundred of these little worms were found 
among the eggs of a single crab at Monterey, Cal., Sept. 3, 
1901. In practically all, the sexual products were nearly mature, 
but no eggs were laid in confinement. The worms lived only 
a few days in a dish of sea water and appeared less hardy than 
the species on the Atlantic coast. I was unable to determine 
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whether the worms pass their early life on the gills of the crab, 
as does C. carcinophila, but suspect that this may be the case. 

The species may be described in detail as follows: Body 
small, rounded, slender, of the same diameter throughout ; sex- 
ually mature individuals about 4-6 mm. in length and less than 
half a millimeter in diameter; head not demarcated from body ; 
lateral grooves and cerebral sense organs very inconspicuous 
or wanting. 

Color, bright orange, sometimes inclining more to reddish 
and sometimes to yellowish. Head a little paler, for the color 
is largely due to the intestinal lobes which extend forward to 
the brain. 

A pair of ocelli of irregular outline, but sometimes crescent 
shaped, lie about halfway between the tip of the snout and 
the brain (Fig. 1). Sometimes the ocelli are irregularly frag- 
mented, and the pigment is arranged in four irregular masses. 
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Fic. 6. —C. epialt?. Oblique section through anterior portion of body. », opening of rhyncho- 
deum; cg, cephalic glands; ac, fc, anterior and posterior proboscis chambers; sg, sub- 
muscular glands; vc, ventral commissure of brain; ¢, @sophagus; 7c, rudimentary 
intestinal cecum; 7, intestine. x 200. 


Proboscis sheath greatly reduced, extending but little poste- 
riorly to the brain, where it becomes united with the posterior 
chamber of the proboscis (Fig. 3). The sheath consists merely 


of few fibers of connective tissue supporting a very thin, flat- 
tened epithelium, and can be seen only in favorable preparations. 





444 THE AMERICAN NATURALIST. [Vow. XXXVI. 


Proboscis very minute and short, extending scarcely more 
than its own diameter posteriorly to the brain (Figs. 1, 2, 6). 
Rhynchodzum (Fig. 6, 7) slender; cesophagus separates from 
proboscis just in front of brain (Fig. 6). Anterior chamber of 





Fic. 7.—C. efialti. Transverse section of body immediately back of brain. The posterior 
chamber of the proboscis (fc) is firmly imbedded in the surrounding connective tissue. 
Three lobes of the very short intestinal caecum (éc) are seen ; ¢, esophagus lined with cilia ; 
cm, lm, circular and longitudinal layers of muscles; sg, submuscular glands; 7, lateral 
nerve; z#, integument. x 200. 


proboscis (Figs. 2, 3, ac) very small, a as long as the diameter 
of a brain lobe, lined with thin, scarcely glandular, epithelium. 
Stylet region swollen (Figs. 2-4) and provided with large 
and abundant gland cells (g) which open both into the anterior 
chamber and into the narrow canal connecting this with the 
cavity behind the stylet region. 

Basis of central stylet slender, about three to five times as 
long as broad (Figs. 3-5), measuring about .027-.033 mm. 
in length and .oo5—.008 mm. in diameter. Basis slightly larger 
posteriorly than at attachment of stylet, often somewhat asym- 
metrical, as shown in Fig. 5. Stylet rather slender, a little 
less than half as long as basis, measuring .012-.015 mm. in 
length. Basis imbedded among the gland cells and surround- 
ing muscles in a single layer of columnar cells with oval nuclei 
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(Figs. 3, 4) at right angles to its longitudinal diameter. There 
is no trace of accessory stylets. 

The usual small, oval middle chamber lies directly behind 
the stylet region and connects with the anterior chamber by a 
canal (Figs. 3, 4) which passes close beside the basis of the 
central stylet and which, though narrow, is broader than in 
many other metanemerteans. The middle chamber, behind 
the stylet, is highly muscular, lined with flattened epithelium, 
and is often filled with fluid containing an abundance of gran- 
ules resembling hardened secretions (Fig. 4). These, I think, 
originate in the posterior chamber as described below. 

The proboscis now bends sharply on itself in ordinary states 
of contraction and ends in an oval chamber with small lumen 
and very massive glandular walls (Figs. 2-4, 6). The cells 
lining this chamber are highly columnar, irregularly arranged 





Fic. 8. — Transverse section of body of C. efza/ti, showing the thick layer of submuscular glands 
(sg) and the ovaries (ov) with large ova. The intestine (z) is reduced to a narrow canal. 
Other reference letters as in Fig. 7. x 200. 


in several layers, and are thickly packed with secretions which 
have great affinity for ordinary stains. This posterior cham- 
ber is closely imbedded in the surrounding connective tissue 
(Figs. 4, 7), and this appears to be connected with the muscular 
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walls of the cesophagus. Its movements are doubtless to a great 
extent dependent on the contractions of the cesophagus, which, 
as described below, is converted into a sort of muscular pharynx. 

The stylet can hardly be moved much beyond the external 
opening of the rhynchodzeum, and from a study of its structure 
alone it is hard to conceive how it can be moved for even this 
short distance, imbedded as it is among the other tissues. By 
crushing and many kinds of stimuli I have seldom been able to 
cause the worms to move the stylet region to any extent either 
forward or backward. It nearly always remained in the vicin- 
ity of the brain, as shown in the figures. It is my opinion 
that the proboscis can be everted only far enough to bring the 
stylet a little beyond the opening of the rhynchodzeum on the 
tip of the snout, as figured by van Beneden (’61), and that 
the cesophageal muscles aid in this movement. At the tip of 
the snout the stylet can puncture the tissues and blood vessels 
of the crab’s gills. With the rhynchodzeum of the worm widely 
opened and closely applied to the point of puncture, the blood 
and nutritive fluids exuding from the wound can be drawn 
directly into the rhynchodzeum and thence into the cesophagus 
by the contraction of the muscular walls of the latter. 

The cesophagus, which leaves the rhynchodzeum just in front 
of the brain (Fig. 6), passes beneath the ventral commissure as 
a narrow tube lined with rather flat cells, as in other genera. 
Just back of the brain, however, it becomes enormously enlarged 
with high, columnar, ciliated epithelium, richly provided with 
gland cells. This portion of the cesophagus is highly muscular 
and somewhat barrel shaped (Fig. 6), projecting a little way 
backward into the broad intestine which immediately follows 
posteriorly. Its posterior portion is therefore surrounded by 
the intestine, as shown in Figs. 6, 7. Its opening into the 
intestine is wide and has thickened lips. The backward and 
forward motion of this barrel-shaped portion of the cesophagus 
in all probability aids in the eversion of the proboscis, as well 
as acts as a suction pump to draw in the nutritive fluids from 
the crab’s gills. 

The intestinal lobes surrounding the end of the cesophagus 
(Figs. 6, 7) indicate rudiments of the intestinal czeca found in 
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other genera. The intestinal canal is broad, with short lateral 
pouches which become very much reduced towards the pos- 
terior end of the body. 

The nervous system shows few deviations from that in related 
genera. The brain is fairly well developed as shown in Fig. 1. 
From the dorsal lobes a pair of large nerves (Fig. 1, #v) pass 
anteriorly to the eyes and anterior portions of the head. These 
are easily seen in living worms. I found no indications of 
cerebral sense organs either when the specimens were stained 







. We : By 
WED 


Fic. 9.—C. epialti. Transverse section of body showing the large number of spermaries () 
and their distribution throughout the body. Reference letters as in Fig. 7. x 200. 


in toto or when examined in sections. I also failed in my 
attempts to locate the efferent nephridial ducts. 

Throughout the head the tissues are crowded with the cephalic 
glands. Those situated more anteriorly open mainly on the tip 
of the snout (Fig. 6, cg), but farther back they open directly 
outwards on all sides of the body. Back of the brain they pass 
gradually into the submuscular glands which extend as a dis- 
tinct layer throughout the length of the body. The glandular 
cells composing this layer open directly outward to the sur- 
face of the body (Figs. 6, 7, 8, sg) and are situated on the 
whole circumference of the body immediately internal to the 
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longitudinal muscular layer. The glandular layer is in most 
regions so massively developed that it exceeds in thickness all 
the other layers of the body wall combined. The secretions of 
these glands furnish the sticky mucus by means of which the 
worms cling so tenaciously to the crab or to other objects. 

The outer epithelium is as in other genera, and is richly pro- 
vided with glands. 

The muscular layers of the body wall consist of a thin, 
external circular or oblique layer of muscles and an internal 
longitudinal layer (Figs. 7, 8), somewhat thicker than the former, 
but yet thinner than in most related genera. The lateral nerves 
occupy the usual places internal to the longitudinal muscular 
layer. In this species, however, they lie internal also to the 
thick layer of submuscular glands (Figs. 6, 8, 9, /z), and there- 
fore nearer the center of the body than in other genera where 
these glands are not so highly developed. 

There is very little body parenchyma, the intestine filling 
most of the space internal to the glandular layer, except at the 
time when the genital products are developing. The pouches 
of genital products become enormously developed and encroach 
greatly upon the intestinal canal at the time of sexual maturity 
(Figs. 8,9). The genital pouches extend much farther forward 
than in almost any other nemertean, reaching very nearly to the 
brain. The ovaries (Fig. 8, ov) are regularly paired, with a 
single large pouch containing usually from 12 to 30 ova between 
each pair of intestinal lobes. The spermaries, on the other 
hand, are far more numerous, surrounding the intestinal canal 
on all sides. As many as fifteen or more separate spermaries 
(Fig. 9, ¢) are sometimes found in a single transverse section. 
As in most parasitic animals the abundance of sexual products 
is greatly in excess of that in related non-parasitic forms. 
This is also well illustrated in Bergendal’s recent descrip- 
tion (00) of Gononemertes, a nemertean parasitic in the tuni- 
cate Phallusia. There is a resemblance also in other ana- 
tomical features, — in the excessive development of the cephalic 
glands, in the short posterior chamber of the proboscis, and in 
the slight development of the intestinal czca. Of the two 
genera, Carcinonemertes appears to be far more degenerate than 
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Gononemertes, although it still retains ocelli and has a central 
stylet in the proboscis. 

Summary.— The above observations seem to lead to the 
following general conclusions: (1) that the nemerteans inhabit- 
ing various species of crabs are distributed throughout the 
North Atlantic and into the Pacific Ocean, (2) that the New 
England form is identical with the long-known European 
species, (3) that several European forms thought to be widely 
different are either closely related or identical, (4) that a//7 the 
species recorded show great similarity of structure, and may be 
closely related, (§) that the worms are true parasites and are 
not found except on the body of their host, spending practi- 
cally their whole existence on the crab’s body —in the gills 
when young, on the egg masses when mature, (6) that in dif- 
ferent geographical regions the same species of worm may 
infest different species of crabs, (7) that the worms crawl about 
on the bodies of the crabs and are thus easily transferred from 
one host to another, (8) that by means of the free-swimming 
embryos the species may be distributed widely, although the 


young usually remain among the egg masses until they are 
past the free-swimming stage. 
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ON THE ASEXUAL ORIGIN OF THE CILIATED 
SPONGE LARVA. 


H. V. WILSON. 


In 1891! and in 1894? I published certain observations which 
led me to believe that in monaxonid sponges free-swimming 
larve identical in structure with those developing from eggs 
are in some species produced asexually. For one such species, 
Esperella fibrexilis Wilson, the observations referred to are 
in brief as follows: (1) Parenchymal cells well supplied 
with yolk granules are found collected together in abundant 
small groups of varying size. Such groups have no definite 
shape and may contain few cells or many, and the compo- 
nent cells may lie together very loosely or be packed pretty 
closely.3 The microscopic pictures indicate that the groups 
owe their origin to wandering cells that have collected together. 
(2) Rounded masses of similar cells are found, the cells tightly 
packed and polygonal in outline. To such masses, which are 
surrounded by a follicle composed of a single layer of flattened 
cells, I have applied the term “ gemmule.” The smaller gem- 
mules are regarded by me as arising from the amorphous masses 
of parenchymal cells above mentioned, and the microscopic pic- 
tures further indicate that the gemmules grow both by cell 
divisions and by fusion with one another. The gemmules vary 
greatly in size. The smallest show zz sectzon only a few cells, 
the largest several hundred cells, the diameter of the largest 
gemmules bearing to that of the smallest about the ratio of 
tentoone. With increasing size of the gemmule, the component 


1 Notes on the Development of Some Sponges, Journ. of Morph., vol. v, No. 3. 

2 Observations on the Gemmule and Egg Development of Marine Sponges, 
Journ. of Morph., vol. ix, No. 3. 

3 Journ. of Morph., vol. ix, No. 3, Pl. XIV, Fig.8; Pl. XV, Figs. 13-15. 

4 Tbid., Pl. XV, Fig. 9, 5 cells; Fig. 16, 18 cells; Fig. 11, 37 cells; Fig. 9, 
about 60 cells; Fig. 21, about 100 cells; Fig. 18, several hundred cells. 
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cells are found to be more tightly packed, the fine yolk in 
the cell bodies is more abundant, and the nuclei are smaller. 
Hence, to demonstrate cell outlines in the largest (mature) 
gemmules! very thin sections are necessary. (3) Mature 
gemmules are found in which the compact mass of cells is 
broken up into a few large masses,? on the surface of which 
are semi-detached single cells, and between and round which 
lie scattered a few similar free cells. The shape and position 
of the partially free cells indicate that they are separating as 
individuals from the subsidiary masses into which the gemmule 
has broken. Gemmules in this stage are larger than in the 
mature undivided condition, the spaces between and round the 
subsidiary masses presumably being filled with absorbed fluid. 
(4) In other gemmules the subsidiary masses (always irregular 
in shape and of varying size) are numerous and small, and the 
free cells are abundant. (5) In yet another stage the constitu- 
ent cells of the gemmule are found to be completely separated 
from one another, save that small multinucleate masses continue 
to be present. The cells of the outermost layer are flattened 
and form an investing membrane for the inner mass, the cells 
and multinucleate masses of which are connected together by 
delicate processes.2 (6) Transitional stages show that the outer 
layer of cells becomes the surface epithelium of the larva, which 
is ciliated except at the posterior pole, while the inner mass 
becomes histologically differentiated into the several kinds of 
cells forming the parenchyma of the larva. The larva itself is 
a typical monaxonid larva, essentially identical in structure with 
those that are known to develop from segmenting eggs. 

Thus an unbroken series of stages is found leading from a 
small mass composed of a few parenchymal cells to a ciliated 
larva. The various stages in this gemmule development, 
including the resulting larva, are scattered in great abundance 
throughout the sponge body, and their presence is associated 
with degeneration in the structure of the parent sponge. 
Nowhere in this continuous series of stages is an egg, either 
undivided or segmenting, interpolated. Very small ova, many 


1 Journ. of Morph., vol. ix, No. 3, Pl. XV, Fig. 18. 
2 Tbid., Pl. XVI, Fig. 21. 3 Jbid., Pl. XVI, Fig. 22. 
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times less the diameter of the mature gemmule, are however 
present, although not common, in the parent parenchyma. 

My conclusion that a larva, identical in structure with the 
typical egg larva of the group, is produced asexually in the 
manner just indicated has not seemed to certain reviewers 
(Maas,! Minchin 2) altogether worthy of credence. And it may 
be that subsequent researches will show that such a conclusion 
is not necessitated by the facts. What I may point out here, 
however, is that the conclusion rests upon a series of micro- 
scopic pictures, the arrangement of which is left to the intelli- 
gence of the observer, and that this is precisely the kind of 
evidence on which rests our belief that in other sponges an egg 
development occurs. If, to be sure, the microscopic pictures 
(images) have been portrayed by me in an inaccurate fashion, 
then there is no need to consider the logic involved in their 
arrangement. This is in reality the point of view from which 
Maas has criticised my account, although he professes to find 
in my figures evidence for the correctness of his interpretations 
of them. Maas, in short, very freely and confidently expresses 
('93, p. 370 ; ’96, pp. 233-234) the belief that the bodies I figure 
and describe as gemmules are merely eggs surrounded by masses 
of nourishing cells ; and that the dissolution of the mature 
gemmule into subsidiary masses and ultimately into separate 
cells is only the segmentation of the egg. This process of dis- 
solution specially awakens his incredulity: ‘‘Wie man es sich 
vorstellen soll, und welche Krafte es bewirken sollen, dass ein 
Aggregat von Zellen, eine Gemmula, sich in einzelne Stiicke 
weiter und weiter spaltet, darnach will ich hier nicht fragen, 
sondern nur darnach, warum Wilson in dem ganzen Vorgang 
nicht eine Furchung, in dem Auseinanderbrechen der Massen 
in kleine und kleinere Stiicke nicht eine Zellteilung gesehen 
hat!?’’ (96, p. 234). The mechanics of the process to me seem 
unworthy of so much wonder. Absorption of water by the 


1 Die Embryonal-Entwicklung und Metamorphose der Cornacuspongien, Zoo/. 
Jahrb., Abth. f. Anat. und Ontog., Bd. vii, 1893; Erledigte und strittige Fragen 
der Schwammentwicklung, Biol. Centralbl., Bd. xvi, Nr. 6, 1896. 

2 The Position of Sponges in the Animal Kingdom, Scéence Progress, vol. i, 
N.S., July, 1897. 
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mass, coupled with the passage of individual cells from a resting 
condition, in which mutual pressure gives them a polyhedral 
shape, into an active condition would appear to be the essential 
features of the process and are phenomena not altogether out- 
side our experience. Maas has obviously been led astray in his 
criticism by that well-known condition of mind in which things 
that are not familiar seem impossible. In a more open and 
receptive mood he would probably recognize the fundamental 
differences between the figures of gemmules shown in Pls. XV, 
XVI of my ’94 paper and the figures of Fiedler! depicting the 
growth of the ovum in Spongilla, and would not attempt to 
explain the former as variations of the latter; more especially 
when in the same paper (Pls. XXIII, XXIV) I myself repre- 
sent stages in the growth and segmentation of sponge ova (for 
Tedanione and Hircinia), the mode of growth in one species 
(Hircinia acuta) closely resembling that of Spongilla as described 
by Fiedler. 

Since the publication of my results in 1894 there have 
appeared but two communications in which this question is 
touched upon, on a basis of actual observation. Vosmaer and 
Pekelharing? found in Esferella egagropila certain reproduc- 
tive bodies of a problematical nature. Not having at the time 
a sufficiently complete series of stages in the development of 
these bodies, they do ‘not enter into the question whether 
Wilson’s statements about Esperella fibrexilis are applicable to 
our sponge.” They confirm my observation that the formation 
of these ‘‘gemmules’”’ is associated with degeneration in the 
structure of the parent sponge, which they find “entirely 
degenerates and finally dies off.”” The other communication 
is from Professor Ijima of Tokyo. This author in his recent 
beautiful and much admired work on the systematic zodlogy 
and histology of the Hexactinellida® reports observations in 
the main similar to mine, and is disposed to draw the same 

1 Ueber Ei- und Spermabildung bei Spongilla fluviatilis, Zeétschr. fi wiss. 
Zool., 1888. 

2 Observations on Sponges, Verhandelingen der Koninklijke Akademie van 
Wetenschappen te Amsterdam, 1808. 


3 Studies on the Hexactinellida, Contribution 1, Journ. Coll. Sci. Imp. Univ., 
Tokyo, Japan, vol. xv, 1901. 
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conclusion with respect to the origin of the larva. Ijima’s 
observations are as follows : 

In Euplectella marshalli undifferentiated cells, styled “ archz- 
ocytes,”’ are found in abundance scattered through the sponge 
body. Such cells occur “solitarily or in irregular groups of 
two, three, and so on, up to tens and in certain positions even 
to hundreds or thousands.”’ The growth of the archzocyte 
groups ‘“‘ may take place not only by cell division of their cells, 
but also by fusion of originally separate groups.” The smaller 
groups are flat, the larger ones form solid and compact masses, 
the shape of which is at first rather irregular. ‘‘ With continued 
increase in the number of the cells and consequently in the 
size of the mass, the latter assumes a roundish, oval or broadly 
lobose shape, measuring up to 100 yw or more across.” Such 
masses are common in all large individuals. Ijima_ believes, 
on the strength of his own and earlier observations, that 
such congeries of archaocytes are of general occurrence in 
the Hexactinellida. 

In certain archzeocyte congeries the cells undergo a histologi- 
cal change, the cell body developing spherules and increasing in 
size. The transformed cells are known as “thesocytes.”’ The 
spherules are not firm solids but are of a soft, perhaps even 
fluid, nature. Ijima concurs in the opinion of F. E. Schulze 
that the formation of spherules is a metabolic process analogous 
to the formation of glycogen in liver cells, and that the spherule 
substance is to be looked on as reserve nutriment. The sub- 
stance of the spherules is probably of an albuminous nature. 
Ijima’s description of the spherules strongly suggests that the 
bodies are comparable with the well-known Glanzkérper in the 
rhizopod Pelomyxa (see Amer. Nat., Vol. XXXIV, No. 403). 

All the archzeocyte congeries are not transformed into theso- 
cyte masses. Of those which are not so transformed, some 


possibly represent an early stage in spermatogenesis, but Ijima 
believes that ‘a good part of the primitive archzeocyte congeries 
are directly and actively concerned in the formation of certain 
reproductive bodies, asexual or sexual but other than sperma- 
tozoa.”’ The further history of such reproductive masses in 
Euplectella marshalli was, however, not followed. But Ijima 
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regards it as probable that similar masses constitute the anlages 
of the superficial buds known to occur in some hexactinellids 
(Rhabdocalyptus, Lophocalyx). 

In two other species what appears to be the complete intra- 
parental history of the archaocyte congeries was made out. 
But before describing Ijima’s observations on these forms I 
wish to digress and point out how much commoner archzeocyte 
masses seem to be in the Hexactinellida than ova and sperm. 
Ijima recalls the fact that very little is known concerning 
the ova and spermatozoa of these sponges. Schulze (go, ’87) 
describes sperm masses and ova (0.3 mm. in diameter) as pres- 
ent in more or less abundance, and usually in the same indi- 
vidual, in Explectella aspergillum. Schulze was never able to 
discover any distinct segmentation stages. Ijima himself says: 
“It is somewhat surprising to me that, although the different 
hexactinellid species histologically studied by me are not few 
in number, yet scarcely a single case in which either of the 
sexual products was indisputably developed came under my 
observation.” As regards the male elements Ijima says he 
is quite in the dark, that he has never seen spermatozoa or 
indisputable sperm masses, nor indeed does he feel disposed 
to say that he has seen ova. In one specimen of Euflectella 
marshallii a number of cells were observed, the larger ones 
measuring 10-15 m, sometimes 23 mw, in diameter. Such cells 
are connected by transitional stages with, and are undoubtedly 
derived from, archzeocytes. Ijima thinks these cells are young 
stages in the development of bodies similar to those described 
by Schulze as ova in Explectella aspergillum, but does not 
commit himself to the view that they are eggs. In another 
sponge, a specimen of Leucopsacus, comparatively large spher- 
ical or ovoid cells, 20-40 mw in diameter, were found in some 
abundance. Such cells were not connected by transitional 
stages with archzocytes, and the describer again does not find 
the evidence for their ovum nature absolutely convincing. 
The fact that Ijima found no indubitable sexual elements is 
the more surprising since in the case of Euplectella marshalli 
he made special search for them, examining numerous speci- 
mens collected during the four seasons of the year. The rarity 
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of these elements suggests that the sexual breeding season of 
the Hexactinellida, 2f z¢ occurs annually, is one of very short 
duration. 

In the two species above alluded to, Leucopsacus orthodocus 
and Vitrollula fertile, ljima has discovered not only arehzocyte 
masses but also larva, the only hexactinellidan larve as yet 
observed. Reserving for a later contribution his detailed 
observations on these bodies, Ijima contents himself for the 
present with a sketch of their structure and development. 
The larvz are spindle shaped, thicker at one end, and consist 
of a superficial flagellated layer covering an internal mass of 
cells. The hexactinellidan larva is thus fundamentally similar 
to that of monaxonid sponges. In an earlier stage the embryo 
is spherical in shape, with no discernible flagellation, and con- 
sists of a compact mass of small cells, those of the superficial 
layer showing an epithelium-like arrangement but not differing 
in general appearance from the internal cells. “Ata still earlier 
stage there is found a simple cellular mass agreeing in all 
respects with the latter’’ (the stage just described) “except in 
having no distinct epithelial covering. And that simple cel- 
lular mass is in all appearance nothing else than an advanced 
stage of what I have called the archzeocyte congeries, of which 
there exists a series of different sizes, leading down uninter- 
ruptedly to the little groups of cells so commonly found on the 
chambers. At all events, there is nothing else than these 
compact groups of small cells to which the origin of the develop- 
ing embryo can be traced back with any degree of probability.” 

Ijima appreciates the remarkable character of the development 
just sketched and, before definitely formulating an opinion as 
to the asexual origin of the larva, wishes to continue his obser- 
vations on a more plentiful supply of material than he has 
hitherto had. His position is best stated in his own words : 
“To repeat, to me it seems certain that the embryo in a very 
early stage of its development consists of a small assemblage 
of uniform-looking cells, which differ in no distinguishable 
feature from the archzocytes. If the resulting body were 
something comparable to a bud or gemmula, I would probably 
have felt no hesitation in concluding that the cells were really 
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archzocytes, and that we had here to do with a casé of asexual 
reproduction. But, free-swimming larve, essentially similar to 
those developed from ova in other sponges, being at issue, the 
question whether true ova are not somehow complicated in the 
cell mass whence the larva arises seems to claim to be brought 
on the tapis, all the more, since our knowledge of the hexac- 
tinellidan ovum is far from being satisfactory.” And again, 
p. 188, after mentioning my observations and conclusion, “I 
conceive the mode of origin and growth of the archzocyte 
congeries in the Hexactinellida to be just the same, and it 
seems to me not impossible that in the hexactinellid larvz 
which I have seen we have simply a new case of the ‘gem- 
mule larva’ or bud embryo.” After referring to Maas’s view 
that my conclusion rests upon a mistaken interpretation of a 
process of odgenesis, Ijima goes on to say with regard to his 
own observations, p. 189: ‘So far as concerns the archzeocyte 
congeries of the Hexactinellida, I can confidently state that 
among the constituent cells in any stage of its growth, there 
exists not one which, on account of its size or of other external 
peculiarities, can be recognized as an egg. If it be that so 
many cells are aggregated for the sake of the nutrition of a 
developing ovum, this ovum is to be expected to deviate more 
or less morphologically from the rest as it approaches maturity ; 
however, no sign of such a differentiation is noticeable. Further, 
all the cells in a congeries, large or small, are tolerably uniformly 
and compactly packed together, so as to directly touch one 
another; and where they are somewhat loosely arranged, there 
is not a trace of any substance between them. So that I am 
decidedly against the assumption that some of them are, at 
any stage of the growth of the congeries, engulfed among 
certain others as pabulum. If, after all that, a portion or all 
of the cells in a congeries giving rise to an embryo are still to 
be looked at in the light of blastomeres that have arisen by 
segmentation from a single egg cell, one is driven to the 
assumption that the original ovum is, like the blastomeres 
themselves, as small-bodied as, and indistinguishable from, an 
archzocyte. This would be very remarkable in an ovum; and 
moreover, under that supposition, it becomes imperative to deny 
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egg nature to the large ovum-like cells described by Schulze 
and by myself from Euplectella.”” Such an hypothetical mother 
cell of an embryo as Ijima suggests in the above excerpt would 
be something so different from an ovum that to class it as such, 
it seems to me, would be to confuse our ideas concerning repro- 
ductive cells. It would rather be analogous to a spore. How- 
ever, both Ijima’s observations and my own on the character 
of the smaller groups of archzeocytes and their growth by fusion 
render unwarranted the assumption that any such cell exists, 
that is, as a typical and necessary condition in the development 
of an embryo. That a single cell may occasionally and inci- 
dentally give rise to a gemmule and so to an embryo is, of 
course, a possibility. And thinking over the possibility of such 
a case tends to clear up our ideas as to the nature of the typical 
reproductive archzeocyte which acts in codperation with others 
to form a new individual. If the hypothetical, exceptional 
archzocyte, which independently produces an embryo, is to 
be looked on as equivalent to a spore, the same view must be 
entertained regarding the typical codperative archzeocyte. In 
the one case we have a single spore producing the individual, 
while in the other case several spores unite, as, for instance, in 
the production of a myxomycete plasmodium (sporangium). 
Into the deeper-lying question as to how fundamental is the 
difference between an ovum and a spore there is no need to 
go. That there are, except in some of the plants, certain great 
and obvious differences no one will deny. 

From a theoretical standpoint further investigations of this 
type of development in the sponges are much to be desired, 
and Professor Ijima’s contribution will scarcely fail to call 
them out. 


UNIVERSITY OF NORTH CAROLINA, 
December 20, 1901. 
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AGGREGATED COLONIES IN MADREPORARIAN 
CORALS. 


J. E. DUERDEN. 


Pror. G. von Kocn,! in the eighth of his well-known 
‘«Kleinere Mittheilungen iiber Anthozoen,” describes what 
he terms “ Aggregated Colonies” as occurring in the simple 
Mediterranean coral, Balanophyllia verrucaria. The designa- 
tion “aggregated” is employed by the author for such colonies 
as have been formed through the secondary fusion of individ- 
uals which were originally distinct, thus distinguishing them 
from most other Anthozoan colonies which are produced by 
the budding or fission of a single individual. 

Von Koch collected around the small island of Vivara in the 
Mediterranean Sea a number of Balanophyllia which, instead of 
retaining the simple habit usual for this genus, consisted of two 
or more polyps. The corallites were fused with one another 
and possessed a common base, and many of the septa of adja- 
cent calices were continuous. The tentacular system of each 
individual polyp was distinct, a mouth occurred in the center 
of each oral disk, but the column wall passed uninterruptedly 
from one polyp to another. 

An examination of serial transverse sections of the corallum 
of two such colonies revealed that the corallites were inde- 
pendent towards the base, but united in a common secondary 
skeletal formation. In the case of a colony constituted of two 
individuals, one much larger than the other, von Koch con- 
cludes that the union had arisen through a larva settling near 
an older polyp; after the first skeletal rudiments were formed 
their coralla became fused through secondary deposition of 
calcareous matter, the larger polyp contributing most. 






1 Koch, G. von. Kleinere Mittheilungen iiber Anthozoen. VIII. Aggregirte 
Kolonien von Balanophyllia verrucaria Aut. Morph. Jahré., vol. xviii. 
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Sections of another colony, composed of four individuals, 
showed that the four corallites remained at approximately the 
same proportional size throughout, and the writer assumes that 
the mass was formed by four larvz which settled close to one 
another and practically at the same time, each constructing its 
own corallum, and contributing an equal share to the formation 
of the common investing skeleton. 

The late Prof. H. de Lacaze-Duthiers! has recently given an 
account of somewhat similar aggregations of the simple coral 
Caryophyllia, obtained from Port-Vendres. On many of the 
larger corallites smaller examples were growing, in such a way 
as to leave little doubt that the “‘ bouquet”’ was a result of the 
adherence of Caryophyliia larve to the corallum of a polyp 
already established. Occasionally the individual members of a 
colony are polyps of practically equal size, as if originating 
from larvze which settled simultaneously and in close proximity. 
In most of the examples described and figured by Lacaze- 
Duthiers the corallites retain their individuality, without the 
formation of a common secondary skeletal mass, but in one 
specimen (/oc. c7t., Pl. XV, Fig. 12) two calices appear to have 
fused at their margin. 

Prof. C. Schuchert has drawn my attention to the colonial 
condition generally exhibited by the rugose coral, S¢repte- 
lasma (Paleophyllum) divaricans (Nicholson).2, Representatives 
of the genus Streptelasma are usually simple, but numerous 
specimens of the above species in the collections of the United 
States National Museum, collected from near the top of the 
Lower Silurian of Ohio, constitute small colonies of two to six 
individuals. The colonies were at first supposed to have been 
formed ‘by lateral gemmation, or rarely by fission,’’ but a 
close examination shows that such an explanation is very 
improbable. Each member retains more independence of form 
than is usual in colonies produced by gemmation or fission. 
In many instances two or more corallites are found adhering to 
some foreign object, such as a shell of Rhynchotrema capax or 


1 Lacaze-Duthiers, H. de. Les Caryophyllies de Port-Vendres, Arch. de Zool. 
Exp. et Gen., Ser. 3, vol. vii, 1899. 
2 Geol. Surv. Ohio, Pal. 11, 1875, p. 220, Pl. XXII, Figs. to, 10 4. 
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a monticuliporoid bryozoan. The corallites of the different 
colonies vary greatly in size, but the members of any colony 
are practically equal, showing them to be derived from polyps 
of a similar age; there is no suggestion of a larger parent 
corallite and smaller buds. They seem best regarded as aggre- 
gated colonies. 

The common West Indian coral, Szderastrea radians (Pallas), 
in the course of its development, has recently provided me 
with actual instances of colony formation by the fusion of 
originally free, distinct larva. The process of growth has 
been followed from the time of fixation of the free-swimming 
individuals as far as the production of the early skeleton. 

Small, unfixed, adult colonies of S. radians occur in plenty 
in the shallow waters of Kingston harbor, Jamaica, and are 
easily kept alive in aquaria in the laboratory. The physiologi- 
cal activity of numbers of unicellular alga, symbiotic within 
the endodermal tissues, renders unnecessary any artificial means 
of aération of the water. Colonies are occasionally met with in 
which the internal cavity of many of the polyps is crowded with 
larvee. These are shot out from time to time and are thus 
free to establish new colonies in turn. As a rule, only one or 
two larve are extruded at a time, but upon disturbance of a 
fully charged colony a score or so would appear together. In 
one colony the intermittent liberation of fresh individuals was 
continued for about a month. 

Immediately on being set free within the water the larvz 
were able to swim about, and revolved around their principal 
axis, being provided with a uniform layer of cilia. They 
measured two to three millimeters in length and were mostly 
pear-shaped, the narrow aboral end being anterior, or forward, 
in swimming. The broad oral end was posterior and dark 
colored, the iatter condition owing to the presence of zo6xan- 
thellze (yellow cells) within the outer ectoderm. In a few larva 
the forward aboral end was the broader, as appears to be more 
usually the case in actinian and madreporarian larvae when 
first extruded. The majority were opaque, without any out- 
ward indication of internal mesenteries, but occasionally a 
distended specimen was met with in which the walls were 
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nearly transparent and revealed eight internal mesenterial 
divisions. 

During the first day the Siderastraea larvae remained near 
the surface of the water or gathered around the sides of the 
vessels in which the colonies were kept. Afterwards they 
traversed the water as a whole, though some preferred the 
neighborhood of the bottom of the vessel. From the first 
day many would sink to the bottom and there lie motionless 
for a time, after which the swimming movements might 
recommence. 

By the evening of the second day a few individuals had 


fixed themselves permanently, either to the sides or bottom of 


the vessels, or to the foreign objects partly incrusted by the 
parent colonies. At first the larve would 
adhere by means of the actual tip of the 
narrow extremity, but this would soon 
flatten out and form a broad base, a small 
rounded oral aperture appearing at the 
free extremity. Whether or not any 
individual larva would settle seemed very 
uncertain, for out of several hundreds set 
free comparatively few became permanently fixed. If fixation 
were not accomplished within the first few days it seemed to 
be impossible afterwards. In one instance about a score of larvze 
were isolated, and nearly all kept alive far a period of twenty 
days, without any of the ‘specimens settling, although various 
suitable objects were placed in the vessels. 

While many larve fixed themselves isolated from others, a 
decided disposition to settle simultaneously in small groups 
was evident. Thus in Fig. 1, where three larve are repre- 
sented, all in the first stage of fixation, their narrow apices are 
so close as to be nearly touching. It is clear that when they 





Fic. 1. 


1 The larve of West Indian corals are usually set free at a stage at which 
three or more pairs of mesenteries are already developed, the stomodzum fully 
formed but non-functional, and the interior wholly, or in part, occupied by a 
highly vacuolated tissue. After liberation the stomodzum becomes functional, 
the larva enlarges, its walls become more transparent, and much of the vacuo- 
lated tissue breaks down and is seen to be extruded at intervals through the oral 
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flatten out by this extremity their walls will be in close con- 
tact, and a colony of three young polyps will result. 

Such a colony, adherent to a pebble, and formed of seven 
individuals, is represented in Fig. 2. The drawing was made 
two or three days after fixation of the larvae, when the adult 
polypal form was beginning to be assumed, and the tentacles 
were just appearing as rounded prominences. All the polyps 
are at practically the same stage of development, proving that 
they settled synchronously, or nearly so. They are irregularly 
arranged with regard to one another, and in their effort to fully 


expand the walls press upon one another, and produce distortion 
of the proximal part of the column. 

To the under surface of another small pebble thirty-eight 
larvee attached themselves in groups of two, three, or more. 
One of these groups contained a dozen or so young polyps, all 
touching, the mutual pressure producing an angulation of the 
normally circular base. Another group of thirty-two became 
adherent during a single night to the surface of a small glass 
dish. In this case nearly all the members, upon flattening, 
were touching to a greater or less degree. 

Fixation having taken place, the larva, now to be regarded 
as polyps, seemed remarkably vigorous, and underwent the 
next stages of development with comparative rapidity. In 
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sharp contrast with this the unfixed larvae remained all the 
time at practically the same stage as when first extruded. 

The glass vessel to which some of the polyps became adher- 
ent was broken into small fragments, with the polyps still upon 
them. These could then be transferred from one aquarium 
to another, or examined in small dishes as transparent living 
objects under the microscope. In this way the growth of the 
various organs was followed day by day. Some specimens 
were kept alive for a period of seventeen weeks, the develop- 
ment of the tentacles and septa being followed as far as the 
third cycle. For the present purpose the normal development 
will be succinctly reviewed, so as to compare the modifications 
introduced as a result of the primary grouping of many of ‘the 
polyps in colonies. 

On fixation the tissues of the polyps became transparent and 
the six pairs of primary mesenteries were seen to be already 
present, four pairs attached to the stomodzeum and two pairs 
incomplete. About a month elapsed before the members of 
the second cycle began to appear, being first represented by a 
pair in each of the dorsal exocceles, then later by a pair in each 
of the middle exoceeles, and finally by a pair in each ventral 
exoccelic chamber. 

The first tentacles commenced to make their appearance two 
or three days after settling, as six rounded outgrowths over 
alternate mesenterial chambers, and early showed an opaque, 
white, knob-like apex distinct from a short, more transparent 
stem. The six prominences appeared simultaneously, con- 
stituting a first cycle, and were equal in size and distance 
apart, and in communication with the exoccelic chambers. 
About four weeks passed before another cycle of six tentacles 
appeared, internal to the first, and situated over the entoccelic 
chambers. The further tentacular development was somewhat 
complicated and need not be here considered. 

Three or four days after fixation the skeleton was first 
observed in the form of six radiating septal upgrowths, prac- 
tically equal in size. At the same time a narrow peripheral 
calcareous ring was formed, its outer surface uncovered by the 
soft polypal tissues, and therefore to be regarded as an epitheca. 





pianieai ho 


PROMPT CT te 


PES” or eee 


4 ipa tigs 





No. 426.] MADREPORARIAN CORALS. 467 


The six septa were free from one another and from the epitheca, 
and situated at equal distances apart within the primary ento- 
coelic chambers, thus alternating with the cycle of six exoccelic 
tentacles first to arise. 

A day or two after the formation of the first cycle-of ento- 
septa the six exoccelic septa began to make their appearance, 
in some cases simultaneously, but successively in others, in 
bilateral pairs from the dorsal to the ventral aspect of the polyp. 

Under ordinary transmitted light no basal skeletal formation 
could be detected, but with polarized light the presence of 
crystalline particles could be demonstrated. In polyps macer- 
ated at this period a very thin basal disk was recognizable, 


formed of an aggregation of irregular granules, and continued 
at its edge as the upturned epitheca, the six or more radial 
septa arising from it vertically some distance within. 

A wide range of variation was exhibited by the different 
polyps as to the rate of growth of the various organs, especially 
in the later stages. The individuals which were larger on fixa- 
tion soon outstripped the others; scarcely any succumbed, 
and it was possible to feed them on fragments of worms and 
mollusks. 

Such a regular, symmetrical development was characteristic 
only of the isolated polyps, free to expand equally on all sides. 
The polyps in groups were crowded to such a degree as to 
necessitate arranging themselves at all angles with regard to 
one another and the incrusted object. Sometimes part of the 
base of one polyp would be reclining against part of another ; 
but none of the individuals seemed to be overpowered by such 





468 THE AMERICAN NATURALIST.  [Vou. XXXVI. 


close proximity. As a whole, the growth of the colonial polyps 
was much less forward than that of the isolated specimens. 
All were normal as regards the occurrence of the six pairs of 
primary mesenteries—four complete and two incomplete; the 
tentacles also were represented by a primary cycle of six exo- 
coelic representatives and a secondary inner cycle of six 
entoccelic members. Variations and irregularities, however, 
were introduced in connection with the formation of the skele- 
ton. The epitheca was invariably produced at the free basal 
edge of the column wall, and under such conditions as those 
represented in Fig. 2, it is clear that its outline would be irreg- 
ular, and that the epitheca of one polyp would be in contact 
with that of the contiguous polyps to the extent the polypal 
walls were adherent. Likewise the basal disks of two polyps 
reclining against one another would be formed at a sharp angle. 

The septa of the colonial polyps exhibited from the begin- 
ning many irregularities and imperfections. Such a series is 
indicated in Fig. 3. The drawing was taken from the under 
surface of a living colony of seventeen polyps, adherent to 
a fragment of glass, and viewed by transmitted light, so that 
only the basal skeletal structures are exhibited. The polyps 
are seen to vary greatly in size; the outline is angulated where 
they are in contact with others, and rounded on the free 
border. The two larger polyps at each extremity of the colony 
partly overlap one another at an angle, though this is not very 
obvious from their flat basal expansions alone. The thickened 
margin to each polyp represents the epitheca, that of two con- 
tiguous polyps being fused along the line of contact. The 
basal disk is yet so thin as to be practically transparent and is 
indicated by the dotted areas. 

The radiating dark bands, as a rule simple, but sometimes 
forked, represent the adherent surface of the septa; the latter 
on account of their vertical thickness are non-transparent like 
the epitheca. Inno polyp are the two orders of six septa fully 
or regularly developed in the manner already described for 
isolated polyps. Any number of septa from four to twelve are 
represented, as a rule with a suggestion of alternating large 
and small members. 
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The development of the colonial polyps was not followed far 
beyond the stage represented in Fig. 3. Growth was very 
slow compared with that of the isolated individuals, and most 
were preserved for further study. There was no indication, 
however, but that under favorable natural conditions the 
aggregations would have grown into fully mature colonies. In 
the later stages the primary irregularities due to crowding 
would probably have been outgrown, and the groups would 
then present all the characters of normal colonies arising by 
budding. 

In one feature the polyps constituting an ordinary colony of 
S. radians differ from those in a colony formed of aggregated, 
primarily independent units. Polyps arising by gemmation 
are, as a rule, only incompletely cut off from the parent ; their 
internal cavities are from the beginning in communication with 
those of the adult polyps, so that the nutrient fluid can circu- 
late from one individual to another. Such would not be the 
case at first with aggregated colonies, and at the very early 
stage at which the observations on Siderastraea were made I 
could not assure myself that intercommunication was estab- 
lished. The intervening external epitheca would for some 
time interfere with such a possibility, but no doubt this struc- 
ture, along with the basal plate, would be left behind in the 
upward growth of all except the marginal polyps. For, except 
a most rudimentary formation at the margin, the epitheca is 
absent from mature colonies. 

It does not seem probable that the phenomenon of aggre- 
gated colonies is a prominent feature of coral growth. Still, 
it is necessary that its possibility should be recognized, for 
wherever it occurs the resulting colony will probably differ 
somewhat from one produced by normal budding or fission, 
while when occurring in usually simple corals its non-recogni- 
tion might lead to disastrous results. 

All students of both fossil and recent corals are familiar with 
the fact that very often simple coralla are found adhering to the 
dead portions of colonies, undoubtedly the young of these. 
Among West Indian corals the occurrence of young polyps 
under such conditions is very frequent in J/anictna areolata 
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(Linn.) and Favia fragum (Esper). A colony of Manicina will 
sometimes possess five or six adhering young polyps, the dif- 
ferent members of which exhibit one, two, three or more oral 
apertures, and in other ways are regularly developed. Their 
structural details prove that they have originated not by fission 
or budding, but from larvz which have settled, probably imme- 
diately or shortly after extrusion, in close association with the 
parent colony. Colonies of Manicina and Favia are often 
found charged with larve, and their extrusion has been fre- 
quently observed. - 

Much variation exists as to the activity displayed by the 
larvee of these and other coral species immediately on extru- 
sion. In some cases the larvz are quite vigorous, and able to 
swim about from the beginning; and under natural conditions 
these would no doubt continue their activities for a long time, 
and might be drifted great distances before settling. Others 
again sink immediately on liberation from the interior of the 
parent, and falling upon the nearest object may settle there. 
In most instances the nearest object will be the dead lower 
part of the parent colony. It is thus easy to see how, under 
ordinary natural conditions, such aggregations as those found 
by von Koch and Lacaze-Duthiers may have arisen. The 
grouping of the larvae in S. radians appeared to be less fortui- 
tous than this, for practically all the specimens were able to 
swim about immediately on being set free. It may be that 
the tendency towards aggregation above described was in some 
way influenced by the cramped artificial conditions of the small 
aquaria. 

The possibility of extruded larve settling in numbers imme- 
diately around the parent, instead of drifting widely apart, is a 
phenomenon likewise to be looked for in the field study of the 
closely allied Actiniaria. On the coral reefs in West Indian 
waters occur large irregular patches, often several feet across, 
of one or other of the anemones, Actinotryx sancti-Thome 
Duch. & Mich. and Ricordea florida Duch. & Mich. The 
polyps are usually adherent to some dead coral slab, and in 
a single patch there may be hundreds of individuals. Both 
species exhibit asexual reproduction by fission, and in any 


pee 


Fee I ate ot 





Res en 


penis 





No. 426.] MADREPORARIAN CORALS. 471 


group are to be found specimens with from one to three or 
more oral apertures on a single disk. One may assume that 
all the individuals constituting a patch have arisen asexually 
from one or a few primary polyps. But such does not appear 
to be the case. Aggregations have been observed in which 
one large example would be surrounded by a number of others, 
all smaller but practically uniform in size. Both species are 
found to extrude larve very freely, and there seems no doubt 
that the patches are in the main formed of individuals derived 
from such larve as settled near the parent. A certain num- 
ber of fission polyps would also be expected. Externally it 
would be practically impossible to distinguish between larval 
polyps and fission polyps, but the internal mesenteries afford 
distinctive characters as to the one or the other form. 

Similar extensive patches of the large discosomid, Stotchactis 
helianthus (Ellis) are not infrequent. Their occurrence is 
probably to be explained in the same manner as above, that is, 
as due almost entirely to the aggregation of distinct larve. 
Asexual reproduction seems to be very rare in this species. 


Polyps of the northern species of Metridium usually occur 
in groups. From the researches of G. H. Parker! and others, 
asexual reproduction seems to play a considerable part in the 
crowding habit of these, but the possibility of aggregating 
larvee also should not be overlooked, even though JZ. margz- 
natum extrudes unfertilized eggs. 


JOHNS HOPKINS UNIVERSITY, 
BALTIMORE, MD. 


1 Parker, G. H. Longitudinal Fission in Metridium marginatum Milne- 
Edwards, Bull. Mus. Comp. Zobl. Harvard, vol. xxxv, 1899. 











UTAH CHILOPODS OF THE GEOPHILIDE. 
RALPH V. CHAMBERLIN. 


In this paper are presented descriptive accounts of six new 
species of chilopods belonging to the genera Geophilus and 
Linotzenia, four to the former and two to the latter. The 
material upon which the descriptions are based was collected 
for the most part during the spring and summer seasons of 
1901. By way of showing the position of the new forms in 
their genera analytical keys are given for the species here first 
described and also those known previously from the western 
United States. 


KEY TO WESTERN SPECIES OF GEOPHILUS. 


Frontal plate discrete; last ventral plate wide. 
6, Anal pores present; pleural pores numerous; pairs of legs 

53-55 (2); length 50-53 mm. R : : glaber Bollman 

6, Anal pores absent ; apie pores two; pairs of legs 47-53; 
length 37-47 mm. . F : . cephalicus Wood 
» Frontal plate not discrete ; ‘a pores present. 
6,. Last ventral plate relatively narrow. 

c, Claw of anal legs obsolete ; pleural pores ten or eleven ; basal 

plate free; pairs of legs 73 (3); length 39 mm. 
occidentalis Meinert 
¢,- Claw of anal legs long; pleural pores eighteen or twenty ; 
basal plate partly covered; pairs of legs 73-75; length 
49-55 mm. . : : nealotus sp. nov. 
cs. Claw of anal re sions or indistinct ; pleural pores nine ; 
pairs of legs 45-49; length 20-31 mm. xenoporus Sp. nov. 

c,. Pleural pores thirty or more; basal plate partly covered; 
pairs of legs 64-67 ($); length 36 mm. californiensis Bollman 

». Last ventral plate relatively wide. 

c, Claw of anal legs obsolete; basal plate thrice wider than 
long; pleural pores partly covered; coxz of prehensorial feet 
armed ; length 29 mm.(?) .. : ; atopus sp. nov. 

¢,. Claw of anal legs short; basal plate four times wider than 
long ; pleural pores free ; coxz of prehensorial feet unarmed ; 
length 40-43 mm... : : : . glyptus sp. nov. 
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Geophilus nealotus sp. nov. 


Description. — Rather robust, very gradually attenuated anteriorly, more 
strongly posteriorly ; prosternum and head with a few long hairs or sub- 
glabrous, the latter partly granular or mostly smooth, polished, the body 
nearly glabrous, smooth and polished; head light chestnut or brown, body 
dorsally light brown to yellow, ventral plates and legs yellowish, antenne 
the same or darker. 

Antenne rather short (4.4-4.6 mm.); the four basal joints sparsely 
pilose with long hairs, the others closely clothed with finer short hairs ; 
joints all long, the ultimate much shorter than the two preceding taken 
together. 

Cephalic plate much longer than wide (5 :3.8 nearly) ; posterior border 
truncate ; impressed with two lateral and a single median sulcus, the latter 
within a more or less evident longitudinal furrow, which is wider and 
shallower anteriorly ; covering the anterior border of the basal plate ; basal 
plate large, subequal to the first dorsal scutum, 2.5 times wider than long. 

Claws of prehensorial feet when closed reaching to the distal portion of 
the first antennal joint; each claw with a small obtuse tooth at base ; coxa 
armed with an inconspicuous obtuse tooth ; sternum wider than long, more 
than twice the outer height of the coxa, anterior border widely sinuate, 
unarmed. 

Dorsal scuta with a single median and two lateral longitudinal sulci, 
which become obscure on a few of the first middle plates but are again 
distinctly impressed caudad ; often a few of the last middle scuta with a 
transversely oval or oblong depressed and darker colored area marked off 
anteriorly and posteriorly by a crescentic impression; anterior prascuta 
very short, gradually increasing in size to the first posterior segments, which 
are moderate, then more rapidly decreasing to end of body. 

Anterior spiracle very large, vertically oval or suboval, a few following 
of the same shape, others round; decreasing in size from the first to the 
last, caudad becoming very small. 

Ventral scuta with a median longitudinal sulcus, which may be faint or 
quite absent on a number of the middle plates, its place there being taken 
by two more or less distinct lateral sulci; a median suboval or somewhat 
triangular poriferous area on posterior portion of each plate ; with some- 
times but one, but more commonly with two, transverse furrows, these on 
each side often broken up into several lines diverging toward the middle 
of the plate. 

Legs sparsely pilose; first pair distinctly shorter and more slender than 
those following; anterior pairs stouter and shorter than posterior pairs ; 
anal legs much longer than the penultimate, moderately swollen, each pro- 
vided with a rather long claw. 

Posterior pleurz inflated, with 18-21 subseriate pores on each side, 
the few innermost covered by the last ventral plate; last ventral plate 
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relatively rather narrow, its sides very gently curved convexly (Q) or 
4 concavely (¢), converging posteriorly ; anal pores moderately large. 

Pairs of legs of male seventy-three, of female seventy-five. Length 
of male 55 mm., width 1.6 mm.; length of female 49 mm., width 1.5 mm. 

Adolescens. —A specimen 30.5 mm. long measures .7 mm. in width; 
length of antennz 2.6 mm. ; pleural pores very small, eight on each side ; 
pairs of legs the normal number (75) ; coloration as in adults. 

Habitat.— Under stones in the gullies of the hillsides north of Salt 
Lake City. 
s The types were collected March 28, Igot. 












Geophilus xenoporus sp. nov. 









Description. — Moderately robust, distinctly attenuated caudad and 
: cephalad ; head and prehensorial feet sparsely pilose with long or moder- 
3 ately long hairs, cephalic plate punctate, especially at sides, with moderately 

coarse punctz, the prosternum and coxe of prehensorial feet sparsely 
a minutely punctate, dorsal and ventral plates nearly glabrous, smooth or a 
a little roughened; head and prehensorial feet with prosternum light brown, 
; body, legs, and antennz yellow. 

Antenne rather short (g 1.6-2 mm., 9 2.4-2.5 mm.); first seven 
or eight joints sparsely pilose, the others, especially the final ones, densely 
clothed with short straight hairs; articles all long, the ultimate subequal 
to the two preceding taken together. 

Cephalic plate much longer than wide (7:5 nearly), narrowed poste- 
riorly ; posterior border somewhat rounded, covering the basal plate ante- 
riorly ; with two rather long lateral sulci and a brief but sharply impressed 
median line immediately caudad to the frontal suture; basal plate rather 
a large, width about three times the middle length, the plate being more 
exposed laterally. 

Claws of prehensorial feet when closed reaching or a little surpassing 
the distal end of the first antennal article; claw armed at base with a long 
subacute tooth; inner side of coxa long, armed similarly to claw but tooth 
somewhat stouter; prosternum nearly equal in length and breadth, less 
than twice the height of the coxa, the anterior border narrowly and acutely 
incised, unarmed. 

Dorsal scuta bisulcate, the sulci distinct throughout; anterior prascuta 
short, the middle long or very long, the posterior moderate. 

First spiracle longitudinally oval, the others circular, not much decreasing 
in size caudad, all small. 

Ventral plates with a median sulcus which is deep, especially cephalad. 

Legs sparsely pilose ; the first pairs shorter and much more slender than 
those succeeding ; the anterior pairs stouter than the posterior but not much 
differing in length ; anal legs of male much swollen, those of the female more 
slender, with a short or indistinct claw in the male, longer in the female. 
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Pleurz of last segment not much inflated, with about nine small pores 
on each side, these arranged along a suboval line on ventral and lateral 
surfaces ; last ventral plate narrow, the sides straight and parallel; anal 
pores small. 

Pairs of legs of male 45, of female 47-49. Length of male 19-21 mm., 
width .5-.6 mm.; length of female 30-31 mm., width .g-1 mm. 

A dolescens.— Specimens 13 mm. long measure .4 mm. in width; length 
of antennz 1.2 mm.; pleural pores four or five on each side; color pale 
yellow. 

HTabitat. — Canyons near Salt Lake City, mostly among decaying leaves 
and in vegetable mold. 

The types were collected in City Creek Canyon, April 1, 1901. 


Geophilus atopus sp. nov. 


Description.— Rather slender, very gradually attenuated cephalad, 
more strongly caudad, depth of the body in the middle region as great as 
the width; head sparsely pilose, smooth, the basal plate and exposed dorsal 
portion of prosternum more densely covered with hair, the dorsal scuta 
mostly very sparsely clothed with short hairs, not at all roughened ; cephalad 
light brown, head a little darker at sides, caudad yellowish, antenne and 
legs concolorous with adjacent parts of body. 

Antenne short (2 mm.) ; the first three or four joints sparsely pilose with 
moderate straight hairs, the others more closely clothed with short hairs 
which increase in density to ultimate joint; ultimate article nearly equal in 
length to the two preceding taken together. 

Cephalic plate much longer than wide (5:4 nearly); anterior and pos- 
terior margins truncate; with two distinct lateral sulci and a fine discon- 
tinuous median line; frontal border of basal plate concealed, exposed 
portion thrice wider than long. . 

Claws of the prehensorial feet when closed reaching to the middle of the 
first antennal article; claw armed at base with a pale obtuse tooth; coxa 
armed similarly to claw ; prosternum wider than long (9:8 approximately), 
less than twice the height of the coxa, anterior margin with only a shallow 
sinus, unarmed. 

Dorsal scuta with two rather faint lateral sulci and a single median 
sulcus, these more strongly impressed caudad ; first dorsal przscuta short, 
irregularly increasing in length to the posterior region, where they are long 
excepting the last few, which are very short. 

The first anterior spiracle subround, those following round, gradually 
decreasing in size caudad, finally becoming small or very small. 

Ventral scuta faintly sulcate, the anterior ones with a median depressed 
area posteriorly on the plate; ventral pores large, arranged over and about 
the depressed area, extending forwards and backwards along the median 
line and laterally to the sides, farther caudad the pores mostly restricted to 
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a transverse band ; posterior border of the anterior scuta produced back- 
wards from the sides to the middle, there touching or slightly overlapping 
the succeeding plate, exposing the praescutum of the latter only at the sides ; 
posterior borders of plates after the twenty-second straight. 

Legs, excepting ultimate, pilose with moderately long straight hairs ; 
first pair more slender than others, not much shorter; anterior pairs much 
stouter than the posterior, not much shorter; anal legs much swollen, claw 
obsolete, clothed more densely and, more often, with shorter hairs than 
pairs preceding. 

Pleurz of last segment not much inflated, with about twelve pores of 
several sizes, these arranged subseriately, partly covered by the last ventral 
plate; Jast ventral plate wide, much wider than long (1.85:1), sides con- 
vexly curved, converging posteriorly. 

Pairs of legs of male 69. Length of male 29 mm., width .7 mm. 

Habitat. — The type specimen, a male, was found buried in damp saw- 
dust under a piece of timber, Salt Lake City. 

The type was taken June 3, 1900. 


Geophilus glyptus sp. nov. 


Description. — Body robust, caudad strongly, cephalad but little attenu- 
ated ; head pilose at sides, more especially posteriorly, basal plate and 
exposed dorsal portions of prosternum more densely pilose, prosternum 
ventrally subglabrous, first dorsal plates sparsely provided with short hairs, 
the plates caudad becoming subglabrous, ventral plates glabrous ; head 
and prosternum with the prehensorial feet chestnut, body above and below 
amber brown, or in middle portions yellowish, legs and antenne concolorous 
with the body. 

Antennz short (3-3.4 mm.), stout, attenuated from base distally ; first 
four or five joints sparsely provided with long hairs, the others with shorter 
hairs, which decrease in length and increase in density toward ultimate 
article ; articles long, the ultimate shorter than the two preceding taken 
together. 

Cephalic plate a little longer than wide (9:8.2 nearly); posterior mar- 
gin truncate, anterior margin extending forward from the sides to the 
middle, sides rounded, impressed with two lateral and a single median 
sulcus; basal plate partly covered, exposed portion over four times wider 
than long. 

Claws of prehensorial feet not much curved, when closed reaching to or 
a little beyond the distal end of the first antennal article ; each claw armed 
at base with a moderately small obtuse tooth ; inner side of coxa short or 
very short, unarmed ; prosternum wider than long (not quite 9:8), over 
twice the outer height of the coxa, anterior margin widely sinuate. 

Dorsal scuta impressed with two lateral and a single deep median sulcus ; 
anterior prascuta very short, middle long or very long, posterior short. 
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First two anterior spiracles very large, round, those following abruptly 
smaller, also round, gradually decreasing in size caudad, in the middle and 
posterior segments very small. 

Ventral plates with a median sulcus which is strongly impressed cephalad, 
becoming rather faint caudad. 

Legs all pilose; the first pair much smaller than those succeeding; ante- 
rior pairs much stouter and also longer than the posterior ; anal legs long, 
moderately to strongly swollen, armed with a short or very short claw. 

Last pleure moderately inflated, with about twelve pores which are sub- 
seriate and free, or sometimes a few covered by the last ventral plate ; 
last ventral plate moderately wide ( ¢ ) or narrower (); anal pores present, 
moderate in size. 

Pairs of legs of male 67, of female 69. Length of male 43 mm., width 
1.3 mm. ; length of female 40 mm., width 1.2 mm. 

Adolescens.— Specimens 30 mm. long measure .8 mm. in width; pro- 
portionately wider cephalad than adult; length of antenna 2.6 mm.; 
pleural pores seven or eight on each side ; coloration nearly as in adults. 

Habitat. — Along the streams in the canyons near Salt Lake City. 

The types were collected in Neff’s canyon, Salt Lake County, June 30, 
1900, by my brother, Mr. Seth C. Chamberlin. 


KEY TO WESTERN SPECIES OF LINOTANIA. 


a,. Pairs of legs 71-81; individuals large. 
6, Pairs of legs 71; length 60 mm., head not punctate or spotted. 
parviceps (Wood) 
6,. Pairs of legs 81; length 140 mm., head minutely spotted with white. 
epileptica (Wood) 
a,. Pairs of legs 37-47; individuals small. (Frontal plate discrete, anal 
pores present, last ventral plate wide or moderate.) 
6,. Anal legs shorter than the penultimate; pleural pores 5-7, moder- 
ate; posterior border of cephalic plate straight; pairs of legs 
39-41 ; length 13.5-16.7 mm. . 2 : miuropus Sp. Nov. 
é,. Anal legs longer than the penultimate ; pleural pores 7-11, small ; 
posterior border of cephalic plate triangular; pairs of legs 43-47 ; 
length 20-21 mm. : : . : : micropus Sp. NOV. 


Linotenia miuropus sp. nov. 


Description. — Robust, gradually attenuated caudad, more strongly 
cephalad ; head and entire body moderately or subdensely clothed with 
short hairs, smooth ; ferruginous, ventral plates and legs paler. 

Antenne short (maximum length 1.2 mm.); moderately hirsute, decreas- 
ing in density distally, ultimate article subglabrous, hairs short or very 
short ; first articles of medium length, shorter distally, the ultimate longer 
than the two preceding taken together. 
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Cephalic plate wider than long ; posterior border covered by the basal 
plate, substraight ; impressed with a median sulcus; frontal plate discrete ; 
basal plate in male less than thrice wider than long (2.8:1 nearly), in 
female more than four times wider (4.35 : 1). 

Dorsal scuta not sulcate; anterior prescuta short, middle and posterior 
moderately long. . 

Ventral plates with a distinct median sulcus. 

Spiracles all round, the first rather small, those succeeding scarcely 
decreasing in size, the posterior being not much or not at all smaller than 
the anterior. 

Legs sparsely hirsute with moderately long hairs ; first pair distinctly 
smaller than others ; the anterior and posterior pairs subequal ; anal legs 
of male shorter than the penultimate, much stouter, densely clothed with 
short hairs, armed with a slender claw, anal legs of female slender, not at 
all swollen, similarly hirsute to other legs. 

Pleure of last segment with 5-7 moderate pores on each side; last 
ventral plate relatively intermediate in width, wider than long (6.7: 5.7 
nearly), sides curved, converging posteriorly ; anal pores moderate. 

Pairs of legs of male 37-39, of female 41. Length of average male 
16.7 mm., width .g mm.; length of female 13.5 mm., width .65 mm. 

Habitat. — About a dozen specimens were found in Logan canyon, 
Cache county, near the mouth, and three were taken among the pines on 
the divide between Daniell’s Creek and Hobble Creek canyons, Utah county. 

The types were collected May 25, 1901. 


Linotenia micropus sp. nov. 


Description. — Robust, cephalad strongly, caudad more gradually atten- 
uated ; head and body above and below pilose, more densely in female 
than in male, last ventral segments more densely pilose than others, proster- 
num nearly glabrous (2) or sparsely hirsute (?); ferruginous throughout. 

Antenne very short (I mm.), stout; moderately pilose ; articles mostly 
short, the ultimate longer than the two preceding taken together. 

Cephalic plate as a whole subequal in width and length, exposed portion 
wider than long in the ratio of 6: 5.4; posterior border produced backwards 
from sides to middle, subtriangular, overlapped by the basal plate ; basal 
plate thrice wider than long. 

Claws of prehensorial feet when closed not reaching the front margin 
of head by a considerable space ; claw armed at base with a long stout 
tooth, coxa unarmed; prosternum much wider than long (7: 4.2 approxi- 
mately), two and one-half times longer than the coxa, anterior margin widely 
sinuate, unarmed; inner margin of coxa extremely short or entirely 
concealed. 

Dorsal scuta not sulcate; anterior prascuta short, longer in male than 
in female, the middle and posterior moderately long. 
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Ventral plates with a single median sulcus which caudad becomes indis- 
tinct or obsolete, with a transverse furrow or depression; excepting the 
first few, with a rather large median poriferous area on the anterior por- 
tion of plate, this often, especially caudad, prolonged backwards in the 
form of a narrow tongue; ventral pores also arranged on each side of the 
sulcus in front of the posterior border. 

Anterior spiracle intermediate in size, those succeeding very gradually 
decreasing, caudad becoming small. 

Legs pilose with mostly rather long hairs; first pair distinctly reduced, 
the second pair intermediate; anterior and posterior pairs not much differing 
in size; anal legs of male strongly swollen, densely clothed with short to 
very short fine hairs, longer than the penultimate, anal legs of female not 
at all swollen, similarly pilose to other legs, armed with a short pale claw. 

Pleurz of last segment with 7-11 small obliquely seriate pores on each 
side ; last ventral plate wide, sides curved, strongly converging posteriorly, 
anterior border produced forwards from sides to middle line, making the 
plate subpentagonal ; anal pores present. 

Pairs of legs of male 43-47, of female 47. Length of average male 
21 mm., width 1 mm.; length of female 20 mm., width 1.2 mm. 

Adolescens. — Specimens 12.5-13.5 mm. long measure .4-.6 mm. in 
width ; length of antenne .6-.7 mm.; pleural pores 4-6 on each side; 
color yellowish or light brown. 

Fetus, — One individual examined is still coiled up within the egg, the 
yellowish outer membrane, or shell, of which, however, is evenly split down 
one side from end to end, the thin transparent inner membrane being still 
intact; in this condition the egg is spherical and measures I mm. in 
diameter. 

An individual 4 mm. long is free excepting posterior segments, these 
still covered by the membranes; legs short and rather stumpy, closely 
crowded; antennze bent back under the head along the not yet fully 
formed mouth parts. 

Specimens 4.5-7.5 mm. in length still spirally coiled; width .4 mm. 
and under ; antennz extended, as usual relatively long, clavate, joints very 
short excepting the ultimate, the latter as long as the three or four pre- 
ceding taken together ; color brownish. 

Habitat.— In the quaking aspen and pine woods along the head waters 
of Manti and Pole canyons, San Pete County, and about the glacial lakes 
at the head of Little Cottonwood canyon, Salt Lake County. 

All the specimens of the fetus stage, ten in number, were found together 
with the body of the female coiled about them, the nest being a pit in the 
underside of a log. 

The types were collected in Pole canyon, July 15, 1gol. 


LATTER-DAY SAINTS’ COLLEGE, SALT LAKE CITY, 
December 17, Igo!. 





ON THE COLOR VARIATIONS OF THE COMMON 
GARTER SNAKE. 


EDWIN C. ECKEL. 


I. EuTENIA SIRTALIS IN THE ADIRONDACK REGION OF 
New YOoOrK. 


In an earlier paper! I have noted that Cope’s treatment of 
the color forms of Eut@nia sirtalis, at least so far as the sub- 
species occurring in the northeastern United States are con- 
cerned, can hardly be regarded as satisfactory. My acquaintance 
with the extreme western and southern forms of the species is 
entirely too limited to permit the expression of an opinion on 
the closeness with which his subspecific grouping, in those 
areas, approximates to the facts; but it seems probable that 
the same conditions prevail there as here. 

In a catalogue? (now in press) of the reptiles and batrachians 
of New York, prepared by Dr. F. C. Paulmier and myself at 
the request of Dr. F. J. H. Merrill, director of the New York 
State Museum, no revision of Cope’s grouping was attempted. 
All the subspecies described from this state by Cope and 
G. M. Allen were included, as it seemed undesirable, in a paper 
designed for popular use, either to omit these forms without 
presenting reasons for such action, or to discuss these reasons 
in the necessary detail. 

For this reason the results of the collection work which has 
been accomplished during the past year, in critical localities, 
are presented in this paper. 

My thanks are due to Dr. F. C. Paulmier, who has kindly 
placed the resources of the zodlogical department of the State 
Museum at my disposal, and to Mr. Raymond L. Ditmars, who 


1 Snakes of New York, Amer. Nat., February, got. 
2 Paulmier, F. C.,and Eckel, E.C. Catalogue of the Reptiles and Batrachians 
of New York, Bulletin New York State Museum. 
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has given me many facts regarding the distribution of the 
_ various color forms of the common garter snake. 

It is to be regretted that the results so far obtained are 
chiefly negative, tending to cast doubt upon the tenability of 
previously described subspecies, without pointing out the direc- 
tion in which we are to look for more significant variations. A 
large series of living specimens, collected in such widely sepa- 
rated areas as the Adirondacks, the Catskills, the Hudson 
Highlands, Long Island, the shore of Lake Ontario, and the 
counties of the ‘southern tier,’’ might indicate the presence 
of certain variations which could be correlated with differences 
of habitat, or are associated with such other aids to polytypic 
evolution as would justify us in considering them as subspecies. 
It is hardly necessary to say that, for the purposes of this 
study, living specimens are absolutely essential. Colors alter 
so rapidly on immersion in alcohol that alcoholic specimens are 
worthless so far as color variations are concerned. 


1. Subspecies previously described from the Adirondacks. 


The subspecies of Eutenia sirtalts which have been noted as 
occurring north of Pennsylvania are as follows: £. s. gramtnca 
(Cope), Z. s. ordinata (Linn.), £. s. strtalis (Linn.), £. s. obscura 
(Cope), and £. s. pallidula (Allen). Of these, all save £. s. 
gvaminca have been found in the Adirondack region. In the 
present paper I purpose discussing the effect, upon the tena- 
bility of the subspecies £. s. obscura and £. s. pallidula, of the 
examination of material collected in New York state during the 
past field season. In a future paper I hope to discuss the 
remaining subspecies. The characters of £. s. obscura and £. s. 
pallidula, as given by Cope and Allen respectively, are as 
follows : 


Eutenia sirtalis obscura (Cope). 


Cope, in his last discussion! of this subspecies, describes it 
as a form in which the spots have entirely (or almost entirely) 


1 Cope, E. D. Crocodilians, Lizards, and Snakes of North America, Rep. 
Nat. Mus. (1898), p. 1074. 
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disappeared by fusion, leaving the stripes intact. The colora- 
tion above is therefore deep brown or almost black, with three 
yellowish stripes, of which the laterals are less distinct than 
the dorsal. The gastrosteges are grayish green, with the usual 
black spots near the ends. . 

In this subspecies he includes one specimen from Mitchell’s 
Bay, Ontario; three from Lac qui Parle, Minnesota; and five 
from Westport, Essex County, New York. These last were 
collected by Baird and described! by him as Eutenia sirtalis. 

The specimens assigned to the subspecies are, it is true, all 
from northern localities, but no definite statement is made as 
to the range of the form ; and it is probable that Cope did not 
intend to associate this coloration with any particular area or 
life zone. A proposed subspecies, based upon specimens from 
widely scattered localities (the intervening areas being occupied 
by other subspecies), is, in general, to be regarded with sus- 
picion, unless positive evidence, other than that afforded by 
similarity of coloration, can be adduced in favor of its subspecific 
value. Positive evidence of this character is rarely obtainable, 
particularly in the case of reptiles. In the case now under 
discussion, I believe that it can be shown that odscura inter- 
grades completely with more typical forms of Eutenia sirtalis ; 
that its color characters cannot be correlated with any particular 
climatic conditions ; and that therefore individuals exhibiting 
these color characters cannot be regarded as subspecifically 
distinct from those showing the coloration of typical Eutenza 
strtalis. 


Eutenia sirtalis pallidula (Allen). 


In 1899 G. M. Allen described? the subspecies pallidula 
from specimens taken near Intervale, N. H., giving its geo- 
graphic distribution (p. 64) as “from the White Mountains 
of New Hampshire and the Adirondacks of New York north- 
ward into New Brunswick and Nova Scotia, and possibly 
farther.” Later in the same paper (p. 65) he states that 


1 Baird, S. F.,and Girard, C. Catalogue of North American Reptiles (1853), p. 31- 
2 Notes on the Reptiles and Amphibians of Intervale, N. H., Proc. Bost. Soc. 
Nat. Hist. (1899), p. 64 e¢ seg. 
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pallidula is the characteristic form of the Canadian zone, and 
restricts “the name Zhamuophts sirtalis Linn. to the brighter- 
colored form found in the Transition and Austral zones of the 
east.” This restriction necessitates a redescription of Eutenia 
sirtalis sirtalis, which he accordingly gives. His summary 
of the differences between the two subspecies is as follows: 
“ Thamnophis sirtalis pallidula needs comparison with no other 
of the szrtalis group except 7. szrtalis proper, from which it 
differs in the obscurity of the dorsal stripe, which is grayish, 
not yellow; the ground color, which is olive brown, not black 
or blackish; in the chestnut color below the lateral stripe, 
where sirtalis is olive; in the lighter color of the belly, espe- 
cially in the younger examples; and in the interlinear spots as 
previously described” (¢.¢., the spots of pa//idula were described 
as being composed of chestnut scales, with black edges and 
interspaces, and those of szr¢a/is proper as being composed of 
scales usually entirely black, occasionally faintly reddish in the 
middle). 

As can be seen, this is an attempt to correlate a certain 
variation with a given ‘life zone’’; and, if justified by the facts, 
would be a distinct advance upon the subspécific treatment of 
Cope. For this reason the question of its validity requires a 
more detailed discussion, for even a slight variation — if obvi- 
ously arising from definite causes — is worthy of consideration. 
As will be seen later, however, I cannot admit that pallidula 
fulfills these necessary conditions. Not only do the characters 
assigned to it occur frequently in specimens outside of the 
Canadian zone, but all specimens from that zone do not exhibit 
these characters. 


2. Specimens collected during 1901 in New York State. 


Specimens from Moody, Franklin County, N.Y. 


1. Dorsal stripe very faint, but still visible on close examina- 
tion as a dull yellow-brown line. Lateral stripes fairly well 
shown; greenish yellow. Sides below lateral stripes brownish 
green. Gastrosteges greenish; black spot on anterior edges, 
near sides, often communicating by a thin black band along 
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anterior edge of the scutum with the lowest row of spots. 
Color, above lateral stripes, olive green. Interspaces (between 
scales) light greenish. Spots present, but not very marked. 
Scales composing spots chestnut, with black edges and inter- 
spaces. ‘ 

Second upper labial on right side divided; left side normal. 
First temporal on both sides of head divided, its anterior 
portion appearing as a small separate triangular plate. 

2. Dorsal stripe fairly distinct, lateral stripes less so. Sides 
below lateral stripes dark green. Gastrosteges greenish. Color 
above lateral stripes olive green; interspaces light greenish. 
Spots present, composed of chestnut scales, with black edges 
and interspaces. 

3. Dorsal stripes almost invisible; lateral stripes fairly well 
shown. Sides below lateral stripes brownish. Gastrosteges 
greenish. Color above lateral stripes olive brown ; interspaces 
light greenish. Spots very indistinct (owing to brownish back- 
ground), composed of chestnut scales, with black edges and 
interspaces. 

4. Dorsal stripe visible but not distinct. Lateral stripes 
visible ; yellowish. Sides below lateral stripes light brown. 
Gastrosteges greenish. Color above lateral stripes olive brown ; 
interspaces light greenish. Spots of chestnut scales, with black 
edges and interspaces. 

5. Dorsal stripe almost invisible, only showing on close 
examination. Indications of lateral stripes on second and third 
scale rows; yellowish. Sides below lateral stripes light brown. 
Gastrosteges slate gray, tinged brownish. Color above lateral 
stripes olive brown; interspaces light greenish. Two rows of 
spots between lateral and dorsal stripes ; the scales, in general, 
being black (a few, however, are chestnut, with black edges), 
with black interspaces. Another series of spots, similar in 
color, along the first and second scale rows. 

6. Dorsal stripe visible throughout; yellowish. Lateral 
stripes faint. Sides below lateral stripes light brown. Gastros- 
teges slate gray. Other colors as in No. 5. 

7. Dorsal stripe visible. Lateral stripes very faint. Sides 
below lateral stripes brown. Gastrosteges grayish, tinged with 
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brown. Color above lateral stripes olive brown. Interspaces 
light greenish. Spots of chestnut scales, with black edges 
and interspaces. Preocular divided on right side; left side 
normal. 

8. Dorsal stripe very faint; lateral stripes faint. Color 
above lateral stripes brown, tinged olive. Interspaces light 
greenish. Four series of spots between lateral stripes. Scales 
of the spots chestnut, with black edges and _ interspaces. 
The four series connect across back, forming bars or network. 
Top of head deep green. Chin and throat orange. Rostral 
yellow. Lower labials white, tinged yellowish on upper 
edges. Upper labials yellow to yellowish green, black edges 
anteriorly. Sides below lateral stripes, together with exterior 
portions of gastrosteges, brown. Remaining portions of gas- 
trosteges olive brown. Lower side of tail deep orange. 

g. Dorsal stripe pure and rather deep yellow near head, 
becoming browner yellow and somewhat less distinct poste- 
riorly. Lateral stripes yellow, rather distinct. Color above 
lateral stripes olive brown ; interspaces light greenish. Spots 
present, not very distinct ; composed of chestnut scales, with 
black edges and interspaces. Sides below stripes brown; 
gastrosteges lighter brown. 

10. Dorsal stripe yellowish brown, distinct throughout. 
Lateral stripes brighter and somewhat more yellowish than the 
dorsal. Color above lateral stripes brown, tinged olive. Inter- 
spaces light greenish. Spots composed of chestnut scales, 
black borders and interspaces. Sides below stripes, as well as 
exterior edges of gastrosteges, a soft light brown. Remaining 
portions of gastrosteges greenish gray. 

To the descriptions of these specimens from Moody, Franklin 
County, N.Y., I will add for comparison descriptions of a few 
other living specimens of Ewtenia sirtalis examined this year : 

11. Sconondoa Creck, one-half mile cast of Oneida, N.Y. 
Dorsal stripe not apparent. Lateral stripes faint, but visible ; 
yellowish brown. Sides below lateral stripes brown. Gastros- 
teges greenish. Ground color above lateral stripes dark olive 
brown. Spots present, but not apparent against the dark 
background. 
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12. Same locality. Dorsal and lateral stripes distinct, yel- 
low. Sides below lateral stripes, and gastrosteges, greenish. 
Spots distinct. Ground color above lateral stripes olive brown. 

13. Rensselaer, Rensselaer County, N.Y. Dorsal stripe con- 
spicuous throughout; clear yellow. Lateral stripes fairly 
distinct. Sides below lateral stripes brownish green; gastros- 
teges dark greenish. Ground color above lateral stripes very 
dark brown, almost black. The location of the spots, on this 
dark background, is only indicated by the blackness of their 
interspaces, the normal interspaces being light greenish. 

14. Rochester, N.Y. Dorsal stripe fairly conspicuous. Lat- 
eral stripes indistinct. Ground color above lateral stripes soft 
olive. Spots of chestnut scales, with black edges and inter- 
spaces. 

15. Ausable Forks, Essex County, N.Y. Dorsal stripe dull 
yellow brown, but fairly distinct. Lateral stripes faint. Sides 
below lateral stripes brown. Gastrosteges brownish green. 
Ground color above lateral stripes dark greenish brown. Spots 
indistinct. 

16. Same locality. Dorsal stripe very faint; dull dark 
brown. Lateral stripes visible; yellowish brown. Sides below 
lateral stripes dark brown. Gastrosteges grayish green. Above 
lateral stripes dark olive brown. Spots indistinct because of 
darkness of ground color; composed of scales only a little 
redder than the ground color, with black interspaces. 

17. Same locality. Dorsal stripe rather faint, dull brown. 
Lateral stripes very faint. Sides below lateral stripes brown- 
ish green. Gastrosteges greenish. Ground color above lateral 
stripes greenish olive. Spots small and indistinct ; composed 
of chestnut scales, with black edges and interspaces. Eight 
superior labials on each side resulting from the division of the 
(normal) second upper labial. Lower anterior portion of pre- 
frontal plates on each side divided, so as to give, in effect, two 
loreals, one above the other. 

The following table gives certain data concerning the locali- 
ties from which the specimens in the above list were obtained. 
In the cases of Moody, Rochester, Oneida, and Rensselaer the 
elevations given are those of the exact collecting localities. 
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Concerning the other localities I have no exact data as to the 
collecting range, and have therefore given the geographic 
position and elevation of the villages. 


DATA CONCERNING LOCALITIES DISCUSSED. 








ELEVATION. | 
Loca.ity. AT Lane. | LONGITUDE. 
| 


1 | Moody, Franklin County, N.Y. 1600 
2 | Intervale, N.H | 540° 44°15’ Viagedt 
3 | Ausable Forks, Essex County, N.Y... .| 600° 44° 26’ swe 
4 | Westport, Essex County, N.Y 275° 44° 11’ 73° 29° 
5 
6 


, 


44°12’ | 74°30 


| Rochester, Monroe County, N.Y 280’ 43° 12’ 77° 36° 


» | Oneida, Oneida County, N.Y 440° 43° 06° 75° 30/ 








7 | Rensselaer, Rensselaer County, N.Y. . . 60’ | 42°38’ 73° 44° 





The specimens from Franklin County, N.Y., were collected 
by me during August, 1901, at Moody, a small settlement on 
the east shore of Tupper Lake. All the specimens from that 
locality described above (Nos. I-10) were obtained at an eleva- 
tion of about 1600 feet A.T. Though the ophidian fauna of 
the Adirondacks appears to be scanty, so far as species are 
concerned, the few species occurring within the region are 
represented by numerous individuals. The specimens above 
described were not selected because of color, but are simply 
those which reached the museum alive and in good condition. 
The locality is, of course, well within the Canadian life zone, 
and the specimens can therefore be compared directly with 
those described by Allen from Intervale, N.H. 

As can be seen from the descriptions given (Nos. I-10), the 
specimens obtained from this one small area furnished fairly 
good examples of three of the four subspecies credited to the 
Adirondacks, together with specimens intermediate between 
each pair of the three. If we omit the specific and higher 
characters, there is hardly one point in which the ten specimens 
agree. The dorsal stripe is, in most, somewhat indistinct ; but 
in one specimen it is quite bright throughout, and in others 
barely visible. In color it varies from dull brown to yellow — 
never gray or grayish. The spots are usually of chestnut 
scales, with black edges and interspaces; but the chestnut 
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areas may be very small and only faintly reddish. The distinct- 
ness of the spots varies with the ground color. In one speci- 
men the sides below the lateral stripes are dark green; in 
another, brownish green; in the remaining eight specimens, 
various shades of brown. In two specimens various characters 
have aided each other in such a way as to give a fairly uniform 
reddish brown coloration above the lateral stripes, thus even 
going a step beyond the condition shown by Cope’s Eutenia 
sirtalis obscura. The gastrosteges vary in color from greenish 
gray to slate gray or even brown. 

The general darkness of color is much accentuated by the 
age, not necessarily of the individual, but of the skin which 
the specimen is wearing at the time of examination. Six of the 
specimens brought from the Adirondacks have shed their skins 
since their arrival at the State Museum. Four of these had 
been examined with some care previous to this time, and 
reéxamination after shedding developed the fact that, while the 
markings are unchanged, the colors are sufficiently brightened 
by shedding to produce an impression of much lighter tint. 

To sum up these statements, I find that ten specimens of 
the common garter snake obtained (by an unmethodical selec- 
tion) from an area less than two acres in extent, located well 
within the Canadian life zone, represent, according to the 
criteria of various authors, the following subspecies : 





NUMBER OF SPECIMENS REPRESENTED. 


According to E. s. sirtalis. | £.s. obscura, E.s. pallidula. 











} 











The specimens (Nos. 15, 16, and 17) collected by Mr. Van 
Allen Lyman near Ausable Forks, Essex County, N.Y., which 
is also within the Canadian life zone, exhibit similar variations. 

1 Three of the ten specimens show characters agreeing with neither of Allen’s 


descriptions; the remaining seven would probably be accepted by him as fad//iduda, 
though few of them exhibit // the characteristics of that form. 
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The thirteen specimens so far discussed prove that the 
Canadian life zone contains garter snakes not exhibiting the 
characters of pallidula. An examination of the descriptions 
of specimens I1, 12, 13, and 14 (all of which are from points 
in the Transition or Upper Austral zone) will show that speci- 
mens exhibiting the characters of pa//idu/a are not confined to 
the Canadian zone. It would seem impossible, therefore, to 
agree with Mr. Allen in assuming any relation between the 
characters of fa//idula and the climate of the Canadian life 
zone. Asa matter of fact, specimens exhibiting these charac- 
ters may be found in almost any part of New York state. I 
believe that at the present time Mr. Ditmars has, in the New 
York Zoélogical Garden, living specimens of this type captured 
in New York City. 

If, however, no relation can be established between the col- 
oration of the form faliidu/a and any particular habitat, 
pallidula can no longer be regarded as a definite variation from 
the type, due to definite climatic conditions. It then falls to 
the same level as the form odscura, and apparently no reason 
can be given for assigning subspecific rank to either. 


New YorK STATE MUSEUM, 
December 5, 1901. 























CONTRIBUTIONS FROM THE ZOOLOGICAL LABORATORY OF 
THE MUSEUM OF COMPARATIVE ZOOLOGY AT HARVARD 
COLLEGE. E. L. MARK, Director. No. 133. 


NOTES ON THE DISPERSAL OF SAGARTIA 
LUCIE VERRILL. 


G. H. PARKER. 


STUDENTS of the New England sea anemones have for some 
years past been acquainted with a small but striking species of 
Sagartia that inhabits, often in great numbers, the higher tidal 
pools and similar situations on our coast. This sea anemone is 
about a quarter of an inch in height, slightly less in diameter, 
and of a dark green color; it is usually striped vertically with 
a few orange lines and has a cluster of some forty-eight whitish 
tentacles. It was described nearly four years ago under the 
name Sagartia lucie by Verrill ('98), who first observed it in 
1892 and annually after that for six seasons near New Haven. 
On the authority of W. R. Coe, Verrill reports it common at 
Woods Hole in 1898. He suggests that it may have been 
introduced into the region about New Haven on oysters that 
are annually brought from the south in large quantities and 
planted in the waters of Long Island Sound. He notes its 
rapid increase in numbers. That it is multiplying and spread- 
ing considerably is indicated by the following records of earliest 
occurrences, which, though probably open to revision, give a 
rather definite idea of the direction and rate of dispersai. 
When not otherwise stated, these records are based on the 
observations of the writer. 

New Haven, Conn. Verrill, who for a long time has been 
especially acquainted with the marine invertebrates of this 
region, states that he did not observe this species between 
1865 and 1890. His attention was first called to it in 1892 
by Miss L. L. Verrill, who found it in tidal pools at Outer 
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Island, Conn. It was then much less abundant than in 1898, 
when it was described. 

Newport, RJ. This anemone was not found in the region 
about the Newport Marine Laboratory in 1887, nor in 1890, 
though in both seasons the actinians of the Newport region 
were extensively collected. In the summer of 1895 it was the 
most abundant species in the cove next the laboratory. 

Woods Hole, Mass. S. lucite was not observed by Verrill in 
his very exhaustive study of the fauna of Woods Hole between 
1871 and 1887. In my own collecting at that place in 1889 
it was not obtained. It was reported from Woods Hole in 
1898 by W. E. Coe, and, in a letter to me from T. H. Morgan, 
the same year is given as the earliest at which Professor Morgan 
is certain of its occurrence in that locality. It is now abundant 
on the wharves about Woods Hole, and especially on the eel- 
grass in the Eel Pond. 

Nahant, Mass. This species was not found at Nahant 
between 1882 and 1808, though collections of invertebrates 
from this locality were made usually several times annually in 
the years between 1882 and 1898. In the autumn of 1899 a 
few specimens of S. /wct@ were found in a small high tidal 
pool on Little Nahant. During the summer of 1901 Albert 
P. Morse, without knowledge of the previous occurrence of 
this species at Nahant, collected specimens of it in that locality. 
It is now very abundant in most tidal pools on Little Nahant. 

Salem, Mass. It was collected at Salem Neck, near Fort 
Pickering, and near the Salem end of the Beverly Bridge in the 
summer of 1g01 by Albert P. Morse. 

Salem is the most northerly locality for which I have any 
record of the occurrence of this species, and, since it is not 
included in the Preliminary Catalogue of the Marine Inverte- 
brates of Casco Bay, Me., prepared a year ago by Kingsley 
(01), it may be that Salem is not far from its present most 
northerly limit. 

The five localities already mentioned fall into the following 
series when arranged according to the sequence of earliest 
occurrences : New Haven (1892), Newport (1895), Woods Hole 
(1898), Nahant (1899), and Salem (1901). This series shows, 
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I think, beyond a doubt that the species has migrated eastward 
from New Haven and northward to Salem, having covered the 
distance between these two extremes probably within ten years. 
As this actinian is remarkably hardy, thriving well in high tidal 
pools where the water is often temporarily much diluted and 
very variable in temperature, it is unlikely that the change 
from the warmer waters south of Cape Cod to the colder ones 
north of that point will noticeably retard its dispersal. Like the 
introduced periwinkle, Lz¢torina littorea (see Bumpus, '98), this 
species will probably gain an extended distribution both north 
and south of Cape Cod, though in this instance the invasion 
comes from the south instead of from the north, as with the 
periwinkle. It is hoped that these notes will call the attention 
of observers to S. /uci@, so that definite information may be 
obtained as to its present distribution, both north and south, 
and likewise evidence of its further dispersal. 
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NOTES AND LITERATURE. 


BIOGRAPHY. 





Lamarck’s Life and Work.'— It would be difficult to single out 
from the naturalists of the past one more appropriate for biographical 
treatment at the present time than Lamarck. The renewed interest 
taken in his work in the last two decades, and the appearance of 
such books as Darwin’s Life and Letters and the recent biography 
of Huxley suggest some extended treatment of the greatest of the 
precursors of the Darwinian movement. Unfortunately, the material 
for such a study is meager in the extreme, and Dr. Packard has been 
obliged to search assiduously for the relatively few facts he can 
record of the life of the great French naturalist. ‘The biographical 
portion of the work is contained in the first sixty-five pages. Then 
follows a general estimate of Lamarck by contemporary and later 
biologists. Lamarck’s wide range of activities is next reviewed in 
chapters dealing with his work in meteorology and physical science, 
in geology, in invertebrate paleontology, in general physiology, in 
botany, and in zodlogy. This is followed by a historical treatment 
of the theory of evolution leading up to Lamarck’s contribution to 
it. The last chapter is on Neolamarckism, and the volume is con- 
cluded by a bibliography and a short index. There are ten full- 
page illustrations, four of which are portraits of Lamarck. 

The biographical chapters, which really form the introduction to 
the body of the work, give one the impression of uncritical methods. 
Dr. Packard was unable to find in Paris any exact statement of 
Lamarck’s birthplace, and he undertook the very worthy task of 
seeking it out for himself. His belief, however, that the house that 
he was shown at Bazentin was the place in question rests upon 
the unsupported statement of the village schoolmaster, who, we are 
told, left his duties in the schoolroom to point out the ancient struc- 
ture. Possibly Dr. Packard may be correct, but the whole account 
has much more the air of French politeness than of scientific 
acumen. Still more unsettling are the statements concerning 


1 Packard, A.S. Lamarck, the Founder of Evolution, his Life and Work. 
New York, Longmans, Green & Co., Ig01. xii + 451 pp., 10 pls. 
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Lamarck’s death. This occurred, according to Dr. Packard, on 
Dec. 28, 1829 (p. 56), the obsequies were celebrated on the Sunday 
preceding December 23, the burial took place December 30 (p. 57), 
and the first assembly of professors after his death was on 
December 22 (p. 62). From this confusion of dates one may seek 
refuge in a biographical dictionary to find that Lamarck died 
December 18 and was buried probably December 20. It is really 
unfortunate that in the one extended account of Lamarck’s life in 
English the date of his death should not be accurately recorded. 

Although the biographical introduction is somewhat disappoint: 
ing, the body of the work more than makes good this defect. 
Dr. Packard is to be congratulated on having hit upon the happy 
idea of allowing Lamarck to expound his own views, and a large part 
of the 300 pages that follow the biography is made up of translations 
of well-selected passages from the works of Lamarck. Nowhere 
else in English is one likely to find so true an exposition of the 
Philosophie zoologigue as in the chapter devoted to this subject, 
and the reading of this portion of the work is to be recommended 
to every student of zodlogy that is not already familiar with 
Lamarck’s original publications. 

The concluding chapter deals with Neolamarckism, a movement 
with which Dr. Packard has had much to do and about which he 
can consequently speak with authority. The impression made by 
this chapter is, however, one of extreme vagueness. What Neola- 
marckism is, is nowhere made very clear. Darwin’s views and 
Lamarck’s are contrasted, and much stress is laid on the importance 
of environment as a factor in the production of variations; but the 
idea is not even suggested that all such material may be only grist for 
the Darwinian mill. Moreover, a strange inconsistency runs through 
much of this chapter, for Dr. Packard seems to think that by 
pointing out the weaknesses of Darwinism, he is strengthening 
Lamarckism. This leads him to give numerous quotations from 
the works of eminent biologists who were keen enough to expose 
some of the weak points in natural selection, but who did not per- 
ceive that by so doing they were ranking themselves Neolamarckians. 
The last quotations in criticism of natural selection are taken from 
Huxley; had a few been drawn from Darwin the proof would have 
been complete. The real question, however, is not whether 
Lamarckism is true and Darwinism untrue, —for these theories are 
not necessarily incompatible, — but what are the factors of evolu- 
tion; and on this point Dr. Packard has not much to say, though in 
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the body of the work Lamarck tells us many things worthy of careful 
perusal and thought. While this last chapter, like the biographical 
introduction, leaves much to be desired, Dr. Packard’s volume is so 
replete with good translations of well-chosen passages from Lamarck 
that one cannot hesitate in pronouncing it the most complete and 
truthful statement of Lamarck’s views that has thus far appeared in 
English. 


ZOOLOGY.” 


Benham on Flatworms. — The present volume,’ which is Part 
IV of Lankester’s Zveatise, is the third of this useful series to make 
its appearance, and covers, in Chapters XIV to XXI inclusive, the 
Turbellaria, Temnocephaloidea, Trematoda, Cestoidea, Appendices 
to the Platyhelmia, and Nemertini. Each chapter opens with a 
synopsis of the classification adopted for the group, and this is 
followed by an admirable historical summary, which, though brief, 
is notably clear, complete, and well balanced. The next section 
deals with the general characters of the group under consideration, 
and contains an analysis and discussion of each subdivision in order, 
closing with a list of the chief works on the group. The “ideal” 
platyhelminth, exploited in the opening chapter, is rather too gener- 
ally used to meet the approval of present-day zoologists, even though 
it affords an easy standard of comparison for the beginner. It is a 
great pleasure, however, to see some important theoretical explana- 
tions presented in a general text, and that in a clear and attractive 
manner which serves to make the mass of detail comprehensible. 
But it may be seriously questioned whether anything is gained by 
raising to the rank of phylum every group which after intensive 
study appears to be sharply set off from its nearest of kin. 

For Turbellaria the author has used the classification of Lang 
and von Graff, and has made a happy selection of figures to illus- 
trate the points under consideration. The short chapter on Temno- 
cephaloidea follows Haswell’s work very closely and gives the best 
presentation of this little-known group accessible in any text-book. 

Among the Trematoda, Monticelli’s classification, as modified by 


1 Treatise on Zodlogy. Edited by E. Ray Lankester. Part IV, The Platyhel- 
mia, Mesozoa, and Nemertini. By W. Blaxland Benham, D.Sc., M.A. London, 
Adams and Black; New York, The Macmillan Company. 204 pp., 114 text-figs. 
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Braun, has been adopted in the main, although such minor changes 
as those in the arrangement of the families will hardly be regarded 
by most helminthologists as an improvement. A few minor errors 
have crept into the chapter, as the representation (Fig. IX) of the 
lateral nerve as the chief longitudinal stem, and the denomination of 
the basement membrane as an internal limiting cuticular membrane. 

The classification used for the Cestoidea is a combination of those 
used by Braun and Lang, to the former of which it is certainly 
inferior. The use of Cestozdea merozoa instead of Cestoidea polyzoa 
Lang is a noteworthy improvement as avoiding the confusion and 
incorrect inference in the latter term; but why not a single term 
rather than the cumbersome double form? The arrangement of the 
families is open to the criticism that no grouping can be considered 
more than temporary which is based on so artificial a feature as the 
number of suckers. Both text and literature are deficient in respect 
to the older work of Cohn and Liihe, and one is struck by the entire 
omission of references to the very extensive and important work of 
Stiles, although one cut was taken from Stiles and Hassall. 

The next chapter, which is referred to on the title-page and in 
the preface as dealing with Mesozoa, distinctly repudiates that term 
and considers as separate appendices to the Platyhelmia the Rhom- 
bozoa, Orthonectida, Trichoplax, and Salinella. An extended note 
by the editor of the series adds here a valuable statement of recent 
results of importance which would have been welcome in other 
places also. 

The final chapter, dealing with Nemertini, follows the work of 
Biirger closely. Two pages of addenda and corrigenda have been 
added by Mr. Punett without doing more in the opinion of the 
reviewer than emphasizing the unfortunate delay in the appearance 
of the book. Scant justice is done some authors, and as striking a 
paper as that by Woodworth on Planktonemertes is entirely passed 
over. 

There are some features which appear rather clumsy in American 
eyes, such as the use of Roman numerals to designate the figures, 
and the habit of beginning to number the figures anew in each 
chapter. One may justly say also that the figures are inferior to 
such as are used in this country to-day, and far behind those found 
in continental texts. As instances of the use of mediocre figures 
for forms of which good representations are easily accessible may be 
cited those of Bothriocephalus (p. 112) and Echinococcus (p. 131), 
while that of Dipylidium (p. 135) is little more than a caricature. 
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Much of the poor effect of the figures may be attributed to the 
author’s inclination to use ideal or diagrammatic representations. 

It is difficult to criticise fairly a work which, as the editor of the 
series says in a prefatory note, was written in 1897 and was entirely 
in proof in 1898. The epoch-making work of Looss on Trematoda 
and of Cohn and Liihe on Cestoidea, as well as many shorter con- 
tributions, have added so largely to our knowledge of these groups 
that what was thoroughly good in 1898 would now be strikingly out 
of date. One cannot help wondering how the work could have been 
held so long unpublished. In spite of these disadvantages, it will 
stand as a clear and well-balanced presentation of the subject, 
admirably arranged and suggestive in treatment. 


HENRY B. WarRD. 


Structure and Metamorphosis of Actinotrocha. — In the /ournal 
of the College of Science of the Imperial University of Tokyo, Japan, 
Ikeda? gives an account of studies on the development of Phoronis, 
from the unsegmented egg through the metamorphosis. For the 
earliest stages, the author was able to obtain living material in 
quantity, of the species Phoronis tyimai, while the structure of the 
larva was studied in four species (or forms) of Actinotrocha taken 
in the region of the Misaki Marine Biological Station. 

The author gives some interesting details as to the life history of 
Phoronis, showing that the adults probably die every year, the colo- 
nies being completely replaced by the metamorphosing larve. He 
criticises the present classification of the species of Phoronis, holding 
that several of the so-called species are not really distinct. 

A detailed account is given of the cleavage, gastrulation, formation 
and structure of the larva, and the transformation into the adult. 
Ikeda’s results on some important or disputed points are as follows : 
The formation of the mesoblast begins at the beginning of gastrula- 
tion, by the irregular pushing of some of the entoblast cells into the 
cavity of the blastula. Mesoblast formation continues in the same 
manner from the two “anterior diverticula”’ of the archenteron, and 
from a ventral groove leading backward from the blastopore. The 
mesoblast cells are at first irregularly scattered, and only later arrange 
themselves to form the boundaries of the body cavities. The latter 
are thus not formed from enteric diverticula, as has sometimes been 

1 Ikeda, Iwaji. Observations on the Development, Structure, and Metamor- 


phosis of Actinotrocha, Journ. Coll. Sci. Imp. Univ. Tokyo, Japan, vol. xiii, 
pp. 507-592, Pls. XXV-XXX. 
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described. The posterior so-called ‘anal pit” is said by Ikeda to 
be the An/age of the nephridia, and to have no connection with the 
so-called ‘primitive streak.” In many details Ikeda’s results differ 
from those of Masterman, — especially in many of the points which 
the latter emphasizes as indicating affinities with the Diplochorda. 
Thus, Ikeda considers as artefacts, due to reagents, the oral and 
pharyngeal grooves which Masterman had compared with gill slits, 
the “neuropore,” the “subneural gland,” and certain parts of the 
vascular system described by Masterman. He was further unable 
to find the “ proboscis pores ” of Masterman, the “ trunk nephridia,”’ 
the ventral blood vessel, the dorsal mesentery, the collar nerve ring, 
the ventral nerve commissure, or the perianal nerve ring. The 
impression is thus given that his results are largely opposed to those 
of Masterman; the latter, however, points out in a recent review! 
of Ikeda’s paper that in regard to the fundamental structure of 
Actinotrocha the points of agreement are more important than those 
of disagreement; indeed, he claims Ikeda’s work as a corroboration 
of his own. 

Ikeda has given especially valuable observations on the relation 
of the body cavities and vascular systems of the adult to those of 
the larva, —a complex matter, on which little had been done, and 
which perhaps requires still further elucidation. The vascular 
system of the larva is very simple as compared with that of the 
adult, not forming a closed system at all; the transformation of the 
one into the other in the fifteen or twenty minutes occupied by 
the metamorphosis is therefore a complicated matter. In the same 
way the body cavities of the larva and adult by no means correspond. 
Ikeda states that the collar cavity of the Actinotrocha is largely 
transformed into the “ring vessel” of the adult, —the collar cavity 
of the latter being largely a new formation. H. S. J. 


A General Course in Insect Anatomy.* — This is a new edition of 
a little book that is important both of itself, and because it represents 
the fundamental laboratory course in the chief center of entomologi- 
cal instruction in America. The book has been evolved along with 
the laboratory which it represents, and each new edition marks 
progress in the knowledge of even those subjects which are dealt 
with in the most elementary instruction. 


1 Quart. Journ. Micr. Sci., vol. xlv (1902), pp. 485-492. 

2 Comstock, J. H.,and Kellogg, V. L. Zhe Elements of Insect Anatomy: An 
Outline for the Use of Students in Entomological Laboratories. Ithaca, Comstock 
Publishing Co., 1901. 145 pp., II figs. 
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The changes to be noted in this edition are not very extensive. 
External anatomy is studied in grasshopper and beetle; internal 
anatomy, in the larva of Corydalis and Holorusia; there are two 
chapters devoted to comparative anatomy of mouth parts and wings ; 
there is a brief opening chapter on terminology, and another con- 
cluding one on methods of insect histology. ‘The growth of eleven 
pages is chiefly due to the (new) chapter on the anatomy of the larva 
of the giant crane fly (Holorusia) by Professor Kellogg. ‘This chapter, 
proposed as an alternative .o the one on Corydalis, is a very desira- 
ble addition whether Corydalis be obtainable or not. Such state- 
ments as this, “The internal anatomy of all insects is exceedingly 
similar,” continue to be repeated in the latest text-books of zoology ; 
but it would seem that even the average “pure morphologist,” for 
whom one grasshopper constitutes an entomological summer, should 
eventually learn their absurdity. 

In the old chapters there are new paragraphs here and there. In 
the study of even such well-worn subjects as the skeleton of the grass- 
hopper the discovery of new sclerites still goes on. Thus, in the last 
edition were noted for the first time sternum and sternellum, and in 
this one we note such new parts as ¢rochantin of the mandible and 
antennary sclerite, ete. 

For a simple, straightforward, ¢ ndensed guide to the laboratory 
study of elementary insect anatomy, there is no such book elsewhere. 


LGW. 


The Breeding Habits of Cancer magister.—In 1884 Prof. J. 
Brown Goode wrote! concerning Cancer magister: “ Nothing is 
known regarding the spawning season and habits of this species. 
The occurrence of a female with spawn in the San Francisco market 
has not yet been recorded by any naturalist.” This last statement 
is still true, there being no scientific record, so far as I can learn, of 
the capture of this crab while it was carrying eggs. This is rather 
remarkable, since Cancer magister is the largest of the edible crabs 
of the Pacific coast of the United States, and extends from Sitka on 
the north, as far as Magdalena Bay, Lower California, to the south. 
In San Francisco Bay and vicinity they are common, and thousands 
are annually brought to the markets, where they hold as important 
a position as does Callinectes in the commerce of the eastern 
seaboard. 

! The Fisheries and Fishery [ndustries of the United States. Section 1, Natural 
Ilistory of Useful Aquatic Animals. 1884. 
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On the 29th of December, 1900, two females carrying eggs were 
sent to the zoological department of Stanford University by 
Mr. J. B. Babcock of the California State Fish Commission. These 
were procured in the market and had been caught in San Francisco 
Bay. The eggs of one of these were in various stages of gastru- 
lation, while the others were older, showing slight pigmentation of 
the eyes. During the following summer, while aboard a fishing 
steamer off the California coast, I was shown six females “in berry.” 
In one of these the embryos were half-developed zoéas, and the 
young of another were only slightly more advanced, while the 
remaining carried larva almost ready to burst their membranes. 
The captain of the vessel stated that he had taken egg-bearing 
females in every month of the year, and that the “yellow eggs” 
(young stages) occurred from the first of October until some time 
in January. This statement is supported by the discovery of seven 
other females taken off Moss Landing in Monterey Bay during 
January, 1902. All these carried eggs, which were in various 
stages, ranging from late gastrulation to half-developed zoéas. 
It thus appears that the breeding season of Cancer magister com- 
mences in the late summer or during the autumn and usually 
continues until some time in the following summer. H. H. 


Pratt’s Invertebrate Zodlogy.'— This new book by Professor 
Pratt of Haverford College consists of a series of directions and 
descriptions for the guidance of students in their laboratory work 
in connection with comparative anatomical study of invertebrated 
animals. ‘The types for study are selected from the following groups 
and in the order named: insects, myriapods, Crustacea, annelids, 
platyhelminths, Bryozoa, mollusks, ascidians, echinoderms, Hydrozoa, 
sponges, Protozoa. Several types from each of the important phyla 
are treated, and thus within groups the practical study is made truly 
comparative. This is important, for such comparisons. as untrained 
students can make for themselves are necessarily limited in the 
usual series of types with a single representative of each important 
phylum. Another valuable feature of these practical directions is 
that each lesson is complete in itself, so that the sequence of types 
may be varied at the will of the teacher. This is also of advantage 
in selecting the exercises of which the book contains more than 
ordinarily can be accomplished in a single year’s course. The 
author suggests the possibility of beginning with the last lessons on 


1 Pratt, H. S. Znvertebrate Zoology. Boston, Ginn & Company, 1902. 210 pp. 
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the unicellular forms and working upward to the higher animals, 
but he prefers the arthropods for the introductory work because they 
are so convenient for teaching the fundamental principles of 
comparative anatomy. 

Apparently there is no special reason for the position of the lesson 
on the ascidians between those on the mollusks and echinoderms. 
Probably most teachers will prefer to place this type at the end of 
the course on invertebrates, when there is a natural transition to 
the study of the vertebrates. 

In the plan of the laboratory directions there is a general resem- 
blance to the well-known guides by Huxley and Martin, and Marshall 
and Hurst; but there is a great and important difference in that 
there is not placed before the student a description so complete as 
to limit the laboratory work to that of merely examining the natural 
objects in order to verify the printed statements. On the contrary, 
we find a judicious combination of description of the difficult and 
time-wasting points with practical directions for suggested problems 
which are not beyond the student’s ability and time for investiga- 
tion. Such an arrangement gives a desirable mean between two 
common extreme methods of laboratory teaching, —the one aiming 
to inform the student through verification of quite complete descrip- 
tions, the other attempting to stimulate originality and investigation 
by leaving him largely dependent upon the natural materials, with a 
minimum of direction. A combination of the two methods ina labo- 
ratory manual will be welcomed by all teachers who believe that the 
aim of zodlogical instruction is not only to furnish students informa- 
tion concerning the science, but also to give them practice in acquiring 
some knowledge through their own investigations. 

In addition to the practical directions, the book contains a useful 
appendix on classification of animals and one with short definitions 
of the principal groups. An excellent glossary of zoological terms 
serves also to indicate where they occur in the lessons; and there 
is a general index. 

In all essential respects this new laboratory manual appears to be 
excellent, and it deserves the attention of all teachers who use 
invertebrate types in their courses of zoology. M. A. B. 


Notes on Birds. — A very good local list of the birds of north- 
western Montana is presented in Zhe Summer Birds of Flathead 
Lake, by P. M. Silloway, issued as a bulletin of the University of 
Montana. It includes an annotated list of 128 species noted between 
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June 5 and August 29, and notes on the nests and eggs of about 
twenty-four common species. ‘There are sixteen excellent plates 
made from photographs of the nests and eggs. The list will be of 
particular value to western ornithologists, but it is also of interest to 
those in the East who care to learn something of the western repre- 


sentatives of some of our eastern forms. 


The Proceedings of the Nebraska Ornithologists’ Union at its Second 
Annual Meeting, held in Omaha, Jan. 12, 1901, contains not only 
a very creditable number of interesting papers, but gives evidence 
of an energy and ability among the leaders of the union that 
augur well for the future of ornithology in the state. The papers 
presented cover an unusually wide range ; they include an historical 
account of the formation of the union; a list of the breeding birds 
of the state ; accounts of the nesting of Bell’s vireo ; accounts of 
young birds in captivity and in the nest ; a description of a peculiar 
disease of birds’ feet, and an account of internal parasites of- 
Nebraska birds; and papers dealing with methods of teaching 
bird study in schools and of keeping migration records. <A short 
paper on the blue jay falls so far below the level of general excel- 
lence as to emphasize the serious tone of the other papers. The 
paper on Nebraska records gives assurance that the interesting 
problems of distribution which the position of the state presents 


will be worked out with care and patience. 


The Smithsonian Institution publishes a reprint of Oberholser’s 
“ Catalogue of a Collection of Humming Birds from Ecuador and 
Colombia,” from the 2’roceedings of the United States National Museum, 
The catalogue contains descriptions of one new species and three 


new subspecies, besides many of the collectors’ field notes. 





CORRESPONDENCE. 


70 the Editor of the American Naturalist : 


Sir: In his article in the May Naturalist on the “ Structure and 
Classification of the Tremataspide,” Dr. William Patten returns again 
to the question of the origin of the vertebrates from a supposed 
arthropod ancestor. It will be remembered that in two earlier 
papers! he compared the sutures and other markings on the head 
shield of trilobites with those on the dermal armor of Pterichthys and 
Bothriolepis ; and we are confident that paleontologists will dissent 
as strongly from his latest as they did from his earlier conclusions 
that ostracoderms and arthropods are genetically related. ‘The 
view expressed by him about eight years ago, that the three-layered 
dermal skeleton of cstracoderms is a modification of that in arthro- 
pods similar to Limulus, also lacks confirmation from other sources. 
His present procedure, however, is of the boldest; for on the start- 
ling assumption that ostracoderms were animals having many pairs 
of jointed appendages, —on merely a suspicion that this was true, — 
he finds it necessary to “create for them a new class, one that shall 
occupy a position between the true vertebrates and arthropods, and 
unite these two great groups into one compact phylum.” 

His account of the habits, development, and even some of the 
morphological characters of these ‘“arthropod-like animals” is of 
such extremely speculative nature that few can hope to read with 
him the unwritten records of the past. For if it be not by intui- 
tion, how else can one know that ostracoderms originally progressed 
“through the soft mud on the bottom of shallow water with the 
usual position of dorsal and ventral sides reversed ”’ ; that after leav- 
ing the bottom they righted themselves into the true vertebrate posi- 
tion; and that this acrobatic performance was accompanied by a 
migration of the eyes from the haemal to the neural surface of 
the body? Or in what antediluvian aquarium, we wonder, was 


the locomotion of Eurypterus observed to be “by brief, spasmodic 


excursions”’? And what authority have we for supposing that the 
“‘hypostomeal eyes of trilobites” (Lindstroém) were in the slightest 
1 Quart. Journ. Micr. Sci., vol. xxxi (1890), pp. 359-365; Anat. Anzeiger, vol. ix 
(1894), pp. 429-438. 
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sense visual organs, or, in fact, anything but mere muscular 
impressions ? 

3ut these are trite criticisms in comparison with what might be 
said respecting Patten’s remarkable declaration that ostracoderms 
possessed many pairs of jointed appendages. To refute this is to 
nullify the author’s sole new claim that these creatures aré “ genet- 
ically related to arthropods, or that, through changes in structure and 
function, one type has been derived from the other”; for all other 
of the well-known resemblances may be explained as due to mimicry, 
or to incidental parallelism dependent on environment. 

We have already characterized this assertion of Patten’s as a sur- 
mise; we will go further, and say that it is not only an unproved 
hypothesis, but one that is absolutely unsupported by any specimens 
that have yet been described. If examples of Cephalaspis. have 
been found which display “a fringe of 25 to 30 pairs of jointed and 
movable appendages along the ventral margin of the ttunk,” the 
present reviewer for one will confess that he has never seen nor 
heard of them. As for ‘ Lindstrom’s important discovery of an 
appendage in Cyathaspis,” this detached and unjointed fragment is 
probably to be interpreted as a spine or cornu. But Professor. 
Patten does not stop here: he points to a series of marginal openings 
in the shield of Pteraspis, Cyathaspis, and Tremataspis, commonly 
regarded as branchial, and declares that they “must” have served for 
the attachment of appendages. He surmises that in Tremataspis 
the latter ‘* decreased in size from before backwards, and were possibly 
too delicate to be well preserved in a fossil condition.” Fearful lest 
our rude touch should annihilate these frail conjectural organs, we 
will simply refer those interested to Dr. ‘Traquair’s comparison of 
Tremataspis with Birkenia, in which the branchial openings (com- 
monly so-called) are disposed relatively as in the skate and shark.' 
A comparison, also, of the anterior ventral plates of Tremataspis 
with the very similar ones of Drepanaspis, in our opinion would 
have been far more instructive than our esteemed friend’s attempt 
to homologize certain of them with the jaws of an arthropod. 

The position of the mouth in Tremataspis we shall believe, until 
the contrary is proved, to have been correctly determined by Rohon, 
who places it immediately behind the rim of the head-shield, as in 
other ostracoderms where the oral plates are satisfactorily known. 
Patten, however, basing his conclusions on the solitary example 
studied by Rohon, challenges the latter’s interpretation, and would 


1 Zrans. Roy. Soc. Edind., vol. xxxix (1899), pt. iii, p. 859. 
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have us suppose that one of the plates of the ventral armor functioned 
as oral. The author’s employment of such generic and family mis- 
appellations as “ Tolypaspis”’ and “ Pterichthydx ” respectively, is 
contrary to all recognized principles of nomenclature. 

That part of Professor Patten’s article which embodies a redescrip- 
tion of the dorsal and ventral shields of Tremataspis, based on four 
or five unusually perfect specimens from the Isle of Oesel, possesses 
great merit, and paleontologists should be truly grateful to him for 
having increased our knowledge of this primitive chordate in several 
important respects. The more extensive memoir on the same sub- 
ject which is promised will be awaited with great interest; and 
further enlightenment with regard to the gill openings and position 
of the mouth in ostracoderms will be particularly welcome. 

C. R. Eastman. 
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